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How to use this book 


> How to use this book 


Throughout this book, you will notice lots of different features that will help your learning. These are explained below. 


RNING INTENTIONS 


BEFORE YOU START 


This contains questions and activities on subject 
knowledge you will need before starting 
this chapter. 


aN 
Reflection activities ask you to look back on the 
topics covered in the chapter and test how well 
you understand these topics and encourage you to 
reflect on your learning. 


Questions 


Appearing throughout the text, questions give you a 
chance to check that you have understood the topic you 
have just read about. You can find the answers to these 
questions at the back of the book. 


PRACTICAL ACT MD 


Practical activities will help you to practise key 
skills. These may require you to use supplementary 
source files, which you can download from the 
digital edition of this book. 


Key vocabulary is highlighted in the text when it is 
first introduced. Definitions are then given in the 
margin, which explain the meanings of these words 
and phrases. You will also find definitions of these 
worcis in the Glossary at the back of this book. 


WORKED EXAMPLE 


Wherever you need to know how to approach a skill, 
worked examples will show you how to do this. 


EXAM-STYLE QUESTIONS 


Questions at the end of each chapter provide more 
demanding exam-siyie questions, some of which may — 
require use of knowledge from previous chapters. 
Answers to these questions can be found at the back 

of the bock. 


Facts and tips are given in these boxes. 
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» Introduction 


Welcome to the second edition of our Cambridge International AS & A Level IT series. 


This Coursebook has been written by experienced authors specifically for the 
Cambridge International AS & A Level Information Technology syllabus (9626) for 
examination from 2022. 


The syllabus develops a broad range of IT skiils. Throughout this Coursebook there 
are examples of IT in practice, practical activities which include extension activities for 
you to complete and reflection points to provoke further thought and discussion. There 
are questions that will test your knowledge and understanding. Whenever a task is 
presented, we would encourage you to carry it out before progressing further. 


The key concepts for Cambridge International AS & A Level Information Technology 
(Impact of IT, Hardware and software, Networks and their role in the internet, mobile 
wireless applications and cloud computing, The internet, System life cycle, New 
technologies and how they may affect everyday life) recur throughout the syllabus. 
This Coursebook has been written to reflect these key concepts, in particular in the 
following chapters: Hardware and software (Chapter 2); IT in society (Chapter 12); 
New and emerging technologies (Chapter 13); Communications technology, including 
networks and the internet (Chapter 14); System life cycle (Chapter 16). It is not 
necessary to work through the book in order from start to finish. 


The syilabus defines three assessment objectives: AO1 Recall, select and communicate 
knowledge and understanding of IT, AO2 Apply knowledge, understanding, skills 
and judgement to produce IT-based solutions and AO3 Analyse, evaluate and present 
reasoned conclusions. 


The content of the syllabus focuses on current practice and practical applications of 
computers in everyday life. To reflect this, the practical elements of this Coursebook 
are not concerned with, for example, providing step-by-step advice on how to use 
particular software, but rather with helping you to discover what is available and 
have the confidence to apply your knowledge to different types of software. This will 
help you to prepare for tie many different aspects of using computers that they will 
encounter in life, and noi just in your exams. 


This Coursebook makes reference to a variety of brand names. Note that marks will 
not be awarded for mentioning manufacturers’ names in answers. 


N 0 eae 
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LEARNING INTENTIONS aN G 


By the end of this chapter, ycu will be able to: 


explain the difference between data and information 

explain the use of direct and indirect sources of data 

evaluate the edvantages and disadvantages of direct and indirect sources of data 
describe factors that affect the quality of information 

undersiand the need for encryption 

describe different methods of encryption 

describe encryption protocols 

explain how encryption is used 

evaluate the advantages and disac\vantages of different protocols and methods of encryption 
describe the use of validation methods 

explain the need for bcth validation and verification 


describe batch, online and real-time processing methods 


E ; : WY 
Copyright Material - Review Only - Not for Redistribution. 


C§BFORE YOU START 


e Do you know the difference between input and output? 
Do you understand that when input data is processed it can be stored or sent to output? 
Do you understand the term encryption? 
Do you understand the term hacking? 
Do you know what a protocol is? 
Do you understand the structure of a table used in a database? 


Are you able to use a spell checker? 


A picture without context is a further example of raw data. 


Introduction 


We live in a world where we rely on data and Dr 
information. It is important that data is accurate. Digital 
technology helps us to manage the input and transfer of 
data so that it is fit for purpose for its intended audience. 


1.1 Data and information 
Data 


Data is raw numbers, letters, symbols, sounds or images 
with no meaning. 


Some examples of data are: 


P952BR 
@bbcclick Figure 1.1: Example of raw data. 
359 
23557.99 The data P952BR could have several meanings. 
It could be: 
KEY WORD 2 e a product code 


e =a postal/ZIP code 


data: raw numbers, letters, symbols, sounds or 
images without meaning e acar registration number. 


Because we do not know what the data means, it is 
meaningless 
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1 Data processing and information 


When answering a question such as ‘Give one 
item of data’, do not try to explain what the data 
means because it then becomes information. 
Just give the raw numbers, letters, symbols or 
image. 


| information: data with context and meaning 


Information 


When data items are given context and meaning, they 
become information. A person reading the information 
will then know what it means. 


Data is given context by identifying what sort of data it 
is. This still does not make it information, but it is a step 


1 


on the way to it becoming information. 


| P952BR A product 


f 
This is a product code, 
| code 


but it is still not known 
what it is a product code 
for, so it is still data. 
This is an address used 
for Twitter, but it is not 
information unless it is 
known to be a Twitter 

| handle or used within 
fwitter software. It’s 
also not known whose 
address it is. 


@bbcclick | A Twitter 


handle 


Price in 
Pakistani 
Rupees 


This is a currency value, 
but it is not known what 
the price is for, so it is still 
data. 


| 
( 
a 


Tabie 1.1: Examples of data being given context. 


For the data to become information, it needs to be 
given meaning. Information is useful because it means 
something. 


P952BR A product | A product code for a can 
code of noodles. 
A Twitter | The Twitter address 
handle for the BBC's weekly 
technology show, Click, 
which is worth watching 
on BBC World News and 
BBC2 to keep up to date 
with technology. 


@bpcclick 


Price in 
Pakistani 
rupees 


The price of a mobile 
phone cover. 


Table 1.2: Examples of data being given context and 
meaning to become information. 


Questions 

A company creates websites using style sheets. 

1 Identify one item of data that will be used by 
the company. 


2 Describe how this item of data can become 
information. 


Data sources 


Direct data source 

Data collected from a direct data source (primary 
source) must be used for the same purpose for which it 
was collected. 


direct data source: data that is collected for the 
purpose for which it will be used 


The data will often have been collected or requested by 
the person who intends to use the data. The data must 
not already exist for another purpose though. When 
collecting the data, the person collecting should know 
for what purpose they intend to use the data. 


Nn l 
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Figure 1.2: Direct data source. 


For example, a sports shop wants to find out what other 
shops are charging for trainers. There are various direct 
sources from which this data can be collected. These 
could include: 


e visiting the other shops and noting down the prices 


e visiting the other shops’ websites and noting down 
the prices 


e carrying out a survey of other shop owners to ask 
their prices (although the shop owners are unlikely 
to want to give these). 


Questionnaires can be used to gather specific data, 
such as opinions about an event that has taken place. 
Questionnaires are particularly useful when there are 
a large number of respondents and statistical analysis 
will be carried out on the results. Questions on a 
questionnaire need to be structured carefully to: 


e elicit the information required 
e enable analysis of the data effectively 


e gather enough information without putting people 
off from completing the questionnaire. 


Online questionnaires enable quicker analysis of data 
because the users fill in the data online and then the data 
is entered directly into a database. Online questionnaires 
save time because no further data entry by a third party 
is necessary. 


Interviews are another direct source of information. 
Questions are asked directly to respondents and the 
interviewer can ask the respondent to elaborate on 
their answers. 


Figure 1.3: Indirect data source. 


Data collecied from an indirect data source (secondary 
source) aiready existed for another purpose. Although 
it may have been collected by the person who intends 
to use it, it was often collected by a different person or 
organisation. 


KEY WORDS 


indirect data source: data that was collected for 
a different purpose (secondary source) 


For example, a sports shop could use various indirect 
sources to find out what other shops are charging for 
trainers, including: 


e carrying out a survey of customers who have 
purchased trainers from the other shops (in this 
case, the price will be the one paid by the customer, 
which may have been a different price to that 
charged now, or it may have been discounted 
at the time) 


e looking at till receipts from the shop (the price 
is printed on the till receipt for the purpose 
of providing proof of purchase, not for 
identifying prices). 


Nn E a a 


i 2 
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PRACTICAL ACTIVIT# 


1 Data processing and information 


a 


Which of the following are direct data sources 
and which are indirect data sources? 


Names 
and email 

| addresses of 
members of a 
political party 


Employee 
attendance 
dates and 
times 


Flight times 
and prices 
from airline 
websites 
Names, ages 
and addresses 
of people 


Weather 
measurements 


Reason 
collected 

To record 
their 
membership 
and to be 
able to 
contact them. 
To identify 
when 
employees 
attended 
work and to 
caiculate their 
wages. 

To compare 
the prices and 
times for a 
trip to Florida. 
For a national 
census. 


To record 
the current 


from a weather | weather. 


station 


Direct data is usually used by the person that 


Reason used 


To contact 
members by 
email to see 
if they will 
donate some 


To allow a 
police officer 
to check an 
employee's 
alibi if a crime 
has been 
committed. 


To decide the 
best flight to 
use for a trip 
to Florida. 


To allow a 
marketing 
company to 
find out wnich 
areas have 
the highest 
population of 
children. 


To show 

the current 
temperature 
and rainfall on 
a website. 


collected it and for the purpose they collected it. 
However, it’s also possible for a person to coliect 
data from an indirect (secondary) source. For 


example, if a journalist is writing a news article and 


bases his story on existing news articles, then he 
has used indirect sources rather than interviewing 


the people involved in the original story. 


One indirect source of information that is commonly used 
is an electoral register. Governments keep a register of 
people who are registered to vote in each household. This 
regisier mcludes names and addresses. Its main purpose is 
to enable those people to vote in elections. However, it can 
also be used by credit reference agencies to check whether a 
person lives at the address they say they do, or by marketing 
agencies to send direct marketing to the people listed on 

the register. There is an option for individual entries on an 
electoral register to be hidden from public view. 


Businesses that want to send marketing letters will 

often purchase a list of email addresses or telephone 
numbers or addresses of people. Selling data is a big 
business, especially if the data enables a company 

to direct their marketing at their target market. For 
example, a company selling IT textbooks to schools 
would benefit greatly from a list of email addresses of IT 
teachers. Different countries have different laws about 
how personal data can be used in this way, but most 
developed nations have data protection laws that require 
companies to get consent from customers before the 
customers’ data can be shared with a third party. 


Advantages and disadvantages of 
gathering data from direct and indirect 
data sources 


The general rule is that data collected directly for the 
purpose for which it is intended is more likely to be 
accurate and relevant than data that is obtained from 
existing data (indirect source). 


Additional data that is not 
required will exist that may 
take time to sort through 
and some data that is 
required may not exist. 


The data will be 
relevant because what 
is needed has been 
collected. 


The original source may 
not be known and so it 
can’t be assumed that it is 
reliable. 


The data is immediately 
available. 


The original source is 
known and so can be 
trusted. 


It can take a long time 
to gather original data 
rather than use data 
that already exists. 


If statistical analysis is 
required, then there are 
more likely to be large 
samples available. 


A large sample of 
statistical data can be 
difficult to collect for 
one-off purposes. 
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The data is likely to be 
up to date because 

it has been coliecied 
recently. 


Data may be out of date 
because it was collected 
at a different time. 


Bias can be eliminated 
by asking specific 
questions. 


Original data may be 
biased due to its source. | 


The data can be 
collected and 

presented in the 
format required. 


The data is unlikely 

to be in the format 
required, which may 
make extracting the data 
difficult 


Table 1.3: Comparing direct and indirect sources. 


Questions 


This spreadsheet is used to calculate the area of 
a driveway. 


A B C 
1 Area calculator 
2 Length = 3m 
3 Width = 5m 
4 | Area= 15 m? 


Figure 1.4: Part of a spreadsheet. 


The builder using the spreadsheet needs to know the 
length and width of a driveway for a customer. 


3 Identify one direct source the builder could use to 
find the length and width. 


4 Identify one indirect source the builder could use to 
find the length and width. 

5 Give one advantage of using the direct source 
instead of the indirect source to find the length 
and width. 


A 
Note: static and dynamic data is extension 
content, and is not part of the syllabus. 


ee) 


1.2 Quality of information 


The quality of information is determined by a number 
of attributes. 


Accuracy 


Information that is inaccurate is clearly not good enough. 
Data must be accurate in order to be considered of good 
quality. Imagine being told that you need to check in at the 
airport 45 minutes before the flight leaves, so you turn up at 
18:10 for a 19:05 flight, only to find that you were actually 
supposed to check in one hour before the flight leaves. 


Examples of inaccurate information include: 

e decimal point in the wrong place, for example 
$90.30 instead of $903.00 could suggest a product 
is much cheaper than it really is 

e misspelling such as ‘stair’ instead of ‘stare’, where 
words have completely different meanings 


e misplaced characters, such as a licence plate of 
BW9EP3T instead of BW93PET. 


Relevance 


Information must be relevant to its purpose. Having 
additional information that is not required means that 
the user must search through the data to find what is 
actually required. 


Examples of irrelevant information include: 


e being given a bus timetable when you want to 
catch a train 


e being told the rental price of a car when you want 
to buy the car 

e a user guide for a mobile phone that includes 
instructions on how to assemble a plug. 


Age 


Information must be up to date in order to be useful. 
Old information is likely to be out of date and therefore 
no longer useful. When using indirect data sources, 
always check when the information was produced. 


Examples of out of date information include: 


e the number of residents in a town based on a 
census from 2011, but 500 new homes have been 
built in the town since then 


e a rugby score that has not been updated for 5 
minutes, during which time a player scored. 


(2 
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Level of detail 


There needs to be the right amount of information for 
it to be good quality. It’s possible to have either too 
little or too much information provided. If there is 
too much information, then it can be difficult to find 
the exact information required. If there is not enough 
information, then it is not possible to use it correctly. 


For example, a person orders a pizza. They ask for 

a large pepperoni to be delivered. They forgot to say 
what type of base they wanted and where it should be 
delivered to. The pizza company does not have enough 
information to fulfil the order. 


Another example could be a traveller who needs to catch 
a train from Bhopal to Kacheguda. The traveller phones 
the rail company to find out the time of departure and 
arrival for trains, but they have io listen to all the times 
of the stations in between before they get the arrival 
time at Kacheguda. 


Completeness 


All information that is required must be provided in 
order for it to be of good quality. Not having all the 
information required means it cannot be used properly. 


For example, a person has booked their car in for a 
service over the phone. The mechanic at the garage 
tells them the name of the street but doesn’t give the 
building number. 


PRACTICAL ACTIVITY 1.02 


Look at this invitation. 


Come aad Selkrite 
Emmanuel’s 
Bithday 


IEH izatarm 


Tree we Re amidagi We mrp À 
wht hair aoagitegek be [Se rid eee 
Mico boahain Aaa, 


Figure 1.5: Birthday party invitation. 


Describe how accuracy, relevance, level of 


detail and completeness affect the quality of 
information in the invitation. 


Questions 


6 Identify three factors that could affect the quality 
of information. 


7 Describe how the age of information could affect 
the quality of information within a user guide for a 
mobile phone. 


1.3 Encryption 


One specific type of encoding is encryption. Encryption 
is when data is scrambled so that the data cannot be 
understood. Data can be encrypted when it is stored on 
disks or other storage media, or it can be encrypted when 
it is sent across a network, such as a local area network 
or the internet. Encryption is important when sending 

or storing sensitive data such as personal data or a 
company’s sales figures. Data being sent across a network 
or the internet can be intercepted by hackers. Data stored 
on storage media could be stolen or lost. The purpose of 
encryption is to make the data difficult or impossible to 
read if it is accessed by an unauthorised user. Accessing 
encrypted data legitimately is known as decryption. 


encryption: scrambling data so it cannot be 


understood without a decryption key to make it 
unreadable if intercepted 


Caesar cipher 


A cipher is a secret way of writing. In other words it is 

a code. Ciphers are used to convert a message into an 
encrypted message. It is a special type of algorithm which 
defines the set of rules to follow to encrypt a message. 
Roman Emperor Julius Caesar created the Caesar cipher so 
that he could communicate in secret with his generals. 


The Caesar cipher is sometimes known as a shift cipher 
because it selects replacement letters by shifting along 
the alphabet. 
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So to encrypt the word ‘Hello’, you would use: 
H=K,E=H,L=0,0=R 
which gives KHOOR. 


While the Caesar cipher is very easy to use, it’s also very 
easy to crack. 


PRACTICAL ACTIVI C 


1 Using the Caesar cipher +3 example above, 
write an encrypted message to a friend. Ask 
your friend to decipher it. 


2 Choose how many letters you are going 
to shitt by and write another encrypted 
message to a friend. Don’t tell your friend 
how many letters you shifted by. Your friend 
should try to decipher the code by working 
out which letters appear most commoniy. 


3 Look online for how to ‘create a cipher 
wheel ' and use it to encrypt and 
decrypt messages. 


Symmetric encryption 


Symmetic encryption is the oldest method of 
encryption. It requires both the sender and recipient to 


possess a secret encryption and decryption key known as 


a private key. With symmetric encryption, the secret key 
needs to be sent to the recipient. This could be done at a 
separate time, but it still has to be transmitted whether 
by post or over the internet and it could be intercepted. 


"Sender Recipient 


Decrypis using the same 
secret key 


Encrypts using secret key 


Figure 1.6: Symmetric encryption 


ee 


Asymmetric encryption 


Asymmetric encryption is also known as public-key 
cryptography. Asymmetric encryption overcomes the 
problem of symmetric encryption keys being intercepted 
by using a pair of keys. This will include a public key which 
is available to anybody wanting to send data, and a private 
key that is known only to the recipient. The key is the 
algorithm required to encrypt and decrypt the data. 


The process works like this: 


Sender Recipient 


Encrypts using recipient’s | ______»| Decrypts using same 
public key algorithm using their 
matching private key 


Figure 1.7: Asymmetric encryption. 


Here is an example. Tomasz sends a message to Helene. 
Tomasz encrypts the message using Helene’s public key. 
Helene receives the encrypted message and decrypts it 
using her private key. 


Tomasz 


Helene’s 
public key 


Helene 


Helene’s 
private key 


Figure 1.8: Example of asymmetric encryption. 


(2 
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Asymmetric encryption requires a lot more processing 
than symmetric encryption and so it takes longer 

to decrypt the data. However, as the decryption key 
does not have to be transmitted, it is more secure than 
symmetric encryption. 


In order to find a public key, digital certificates are 
required which identify the user or server and provide 
the public key. A digital certificate is unique to each user 
or server. A digital certificate usually includes: 


e organisation name 

e organisation that issued the certificate 
e —_user’s email address 

e —_user’s country 

e —_user’s public key. 


When encrypted data is required by a recipient, the 
computer will request the digital certificate from the 
sender. The public key can be found within the digital 
certificate. 


Asymmetric encryption is used for Secure Sockets 

Layer (SSL) which is the security method used for 
secure websites. Transport Layer Security (TLS) has 
superseded SSL but they are both often referred to as 
SSL. Once SSL has established an authenticated session, 
the client and server will create symmetric keys for faster 
secure communication. 


SSL: Secure Socket Layer 
TLS: Transport Layer Security 


PRACTICAL AGTWVITY 1.04 


Find and watch a video about SSL. 


Applications of encryption 


Hard disk 


Disk encryption will encrypt every singie bit of data 
stored on a disk. This is different to encrypting single 
files. In order to access any file on the disk, the encryption 
key will be required. This type of encryption is not 


limited to disks and can be used on other storage media 
such as backup tapes and Universal Serial Bus (USB) 
flash memory. It is particularly important that USB flash 
memory and backup tapes are encrypted because these 
are portable storage media and so are susceptible to 
being lost or stolen. If the whole medium is encrypted, 
then anybody trying to access the data will not be able to 
understand it. The data is usually accessed by entering a 
password or using a fingerprint to unlock the encryption. 


HTTPS 


Normal web pages that are not encrypted are fetched 
and transmitted using Hypertext Transfer Protocol 
(HTTP). Anybody who intercepts web pages or data 
being sent over HTTP would be able to read the 
contents of the web page or the data. This is particularly 
a problem when sending sensitive data, such as credit 
card information or usernames and passwords. 


Hypertext Transfer Protocol Secure (HTTPS) is the 
encryption standard used for secure web pages. It uses 
Secure Socket Layer (SSL) or Transport Layer Security 
(TLS) to encrypt and decrypt pages and information 
sent and received by web users. SSL was first used in 
1996 and was replaced by TLS in 1999. SSL can still be 
used, but it has vulnerabilities so it’s not recommended. 
TLS is the protocol that is used by banks when a user 
logs onto online banking. A secure web page can be 
spotted by its address beginning with https:// and in 
addition some browsers display a small padlock. 


KEY WORD 


HTTPS: Hypertext Transfer Protocol Secure 


S© | fa https://app.kashflow.com/#dashboard 


Figure 1.9: The ’s’ after ‘http’ and the padlock indicate that 
this is a secure website. 


When a browser requests a secure page, it will check the 
digital certificate to ensure that it is trusted, valid and 
that the certificate is related to the site from which it is 
coming. The browser then uses the public key to encrypt 
a new symmetric key that is sent to the web server. The 
browser and web server can then communicate using 

a symmetric encryption key, which is much faster than 
asymmetric encryption. 
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WORKED EXAMPLENÍQ 


+ ( Y 
The web browser requests the certificate from the web 
server. 


(—~" 1 Browser requests certificate 
Web browser q Web server 
kheÃ———— 


=| 


Figure 1.10: Asymmetric cryptography. 


The web browser then uses the web server’s public 
key to encrypt a new symmetric key and sends that 
encrypted symmetric key to the web server. The web 
server uses its own private key to decrypt the new 
symmetric key. 


Web Browser 


Server's 
public key 


Web Server 


Server's 
unvate key 


Figure 1.11: Secure website identification. 


The browser and web server now communicate using 
the same symmetric key. 


Encryption Decryption 


zei =p -J 


= Ene B pee Credit cara 
data key data key data 


Figure 1.12: Symmetric encryption. 


Email 


Email encryption uses asymmetric encryption. This 
means that recipients of emails must have the private 
key that matches the public key used to encrypt the 
original email. In order for this to work, both the sender 
and recipient need to send each other a digitally-signed 
message that will add the person’s digital certificate to 
the contact for that person. Encrypting an email will 
also encrypt any attachments. 


How encryption protects data 


Encryption only scrambles the data so that if it is found, 
it cannot be understood. It does not stop the data from 
being intercepted, stolen or lost. However, with strong 
256-bit AES encryption, it is virtually impossible for 
somebody to decrypt the data and so it is effectively 
protected from prying eyes. 


Most Wi-Fi access points and Wi-Fi routers use 
encryption. This serves two purposes. The first is 
to only allow people who know the ‘key’ (usually 
a password) to access the network, so that any 
unauthorised users cannot gain access. The 
second is to encrypt the data, so that it cannot 
be understood by somebody ‘snooping’ on the 
Wi-Fi network. 


Wi-Fi networks are particularly susceptible to 
‘snooping’ because no wires are required to 
connect to the network. It is possible to sit in 

a car outside somebody's house and see the 
Wi-Fi network. The ‘key’ stops that person from 
accessing the network and also stops that person 
from understanding the data that is moving 
around the network. 


Did you know that, if you access a public 

Wi-Fi hotspot that is ‘open’ and therefore not 
encrypted, anybody with the right software can 
see what you are sending over the network, 
including your emails? This applies to laptops, 
tablets and mobile phones or any other device 
using public Wi-Fi. 
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Question 


8 Decipher this text that has been encrypted using the 
Caesar cipher with a shift of +4. 


AIPP HSR{i 


1.4 Checking the accuracy 
ot data 
Validation 


Validation takes place when data is input into a 
computer system. The purpose is to ensure the data is 
sensible and conforms to defined rules. A railway season 
ticket will have an expiry date. The season ticket is valid 
until it expires. Once it expires it is invalid. The rule here 
is that the date the season ticket is used must be before 
its expiry date. 


When data is validated, if it conforms to the rules then it 
will be accepted. If it does not conform to the rules, then 
it will be rejected and an error message will be presented. 
Validation does not ensure that data is correct. 


validation: the process of checking data matches 
acceptable rules 


PRACTICAL ACTIVIT 


Create a flowchart to describe the process of 
validation. You should include the following: 


e Start e Data accepted 
e End e Data rejected 

| 
e input of data e Validation decision | 


| > Error message 


There are a variety of different validation 
checks that can be used to check whether data 
is acceptable. These different checks are the 
different types of rules that are used. 


Presence check 


A presence check is used to ensure that data is entered. 
If data is entered, then it is accepted. If data is not 
entered, then the user will be presented with an error 
message asking them to enter data. 


Login to your account Register new account 


Email” Name* Last Name 


Password" Address” 


City” 
= 
Sore 
* Please fill in the mandatory fields 
State” Zip Code" 
O maa e 
Inactive Normal Hover Pushed i 
Email" 


Figure 1.13: Required data on a website. 


WORKED EXAMPLE 1.03 


When filling in a ‘contact us’ form on a website, it is 
essential that an email address is entered. These inputs 
would be valid if only a presence check is carried out: 


e a e a@b 
e a@bc.d e @ 
e 372823 


Notice that none of these are correct but they pass the 
rule that data must be present. 


Range check 


A range check ensures that data is within a defined 
range. A limit check has a single boundary. This could 
be the highest possible value or the lowest possible value. 
A range check includes two boundaries, which would 

be the lower boundary and the upper boundary. These 


symbols are used when comparing with a boundary: 
> greater than > = greater than or equal to 


< less than < = less than or equal to 
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WORKED EXAMPLFANO! 


a An opinion poll is taken and asks for the 
respondent’s age. The respondents have to be 
at least 18 years old. The lower boundary is 18. 
There is no upper boundary, so this is a limit 
check. This could be written as: 

Age > = 18 

b Letters representing grades for an exam are 
entered. Only the letters A-E are valid grades. 
The grade must be less than F. The upper 
boundary is E. There is no lower boundary, so 
this is a limit check. This could be written as: 


Grade < F 
c The number of students in a class must be 


between 5 and 28. The lower boundary is 5 and 


This could be written as: 
Number of students > = 5 and < = 28 


Data that is within the boundaries is valid. Data that is 
outside the boundaries is invalid. Data that is valid and 
within the boundaries is not necessarily correct. A grade 
of C could be entered when a grade A should have been 
entered. C is valid but incorrect. 


Type check 


A type check ensures that data must be of a defined 
data type. 


Examples of a type check include: 
e If an age is entered, it must be an integer. 


e Ifa grade is entered, it must be text with 
no numbers. 


e Ifa price is entered, it must be numerical. 
e If adate of birth is entered, it must be a date. 


Data that is of the correct data type is valid. Data that 
is valid and of the correct data type is not necessarily 
correct. A date of birth of 28/12/2087 could be entered. 
The date is valid because it is a date data type, but it is 
clearly incorrect. 


Length check 


A length check ensures data is of a defined length or 
within a range of lengths. 


the upper boundary is 28, so this is a range check. 


Examples of a length check include: 
e A password must be at least six characters long. 
e A grade must be exactly one character long. 


e A product code must be at least four characters and 
no more than six characters. 


Data that is of the allowed length is not necessarily 
correct. For example, a valid date might require six 
digits. A date of 2ndFeb would be a valid length because 
it contains six characters, but it would not be correct 
because it does not follow the required format. 


Format check 


A format check ensures data matches a defined format. 
It is sometimes known as a picture check and the data 
has to follow a pattern. 


D EXAMPLE 1.05 


An email address must include an @ symbol 
preceded by at least one character and followed 
by other characters. These data would be valid: 


e john@bidef.co 
e a@b.dek 
e fdc@jb 


b A student ID must be four numbers followed by 
two letters. These data would be valid: 


e 3827BD 
e IIITAA 


Data that matches the pattern is valid. Data that is valid 
and of the defined format is not necessarily correct. An 
emai! address of fdc@jb meets the rules above but is 
clearly incorrect. 


Lookup check 


A lookup check tests to see if data exists in a list. 


For example, when asking a user for their gender, 
they can respond with ‘Male’ or ‘Female’. A lookup 
validation rule would check to see that the values are 
within this list. Students taking a qualification could 
be issued grades of pass, merit and distinction. When 
inputting the data, a validation rule could check that 
only ‘X’, ‘P’, ‘M’ or ‘D’ are entered (‘X’ would be 

for fail). 
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Consistency check 

A consistency check compares data in one field with 
data in another field that already exists within a record, 
to see whether both are consistent with each other. 


a When entering the gender of ‘M’ or ‘F’, a 
consistency check will prevent ‘F’ from being 
| entered if the title is ‘Mr’ and will prevent ‘M?’ 
from being entered if the title is ‘Mrs’ or ‘Miss’. 


b When entering data about dispatching products, 
it would not be possible to mark an item as being 
dispatched until after it has been packaged. 


Check digit 


A check digit is a number (or letter) that is added to 

the end of an identification number being input. It is 

a form of redundancy check because the check digit is 
redundant (not needed for the identification number, but 
just used for validation). When the identification number 
is first created, an algorithm (a series of calculations) 

is performed on it to generate a check digit. When the 
identification number is input, the same algorithm is 
performed on it. The result of the algorithm shouid 
match the check digit. The data is valid when the result 
of the algorithm matches the check digit. The data is not 
valid when the result of the algorithm does not match 
the check digit. 


Original identification number = 20392 
Algorithm is performed on 20392 
Check digit = 4 


Data including check digit = 202924 


Valid Example 

Identification number including check digit is entered into the computer: 203924 
Algorithm is periormed on 20392 

Result of algorithm = 4 


Result of algorithm (4) is compared with check digit that was entered (4). 
They maich. 
Date is valid. 


Invalid Example 

identification number including check digit is entered into the computer: 205924 
Algorithm is performed on 20392 

Result of algorithm = 7 


Result of algorithm(7) is compared with check digit that was entered (4). 
They do not match. 
Data is invalid. 


Figure 1.14: Valid and invalid check digit calculatons. 


There are a variety of calculations that can be 
performed to determine what the check digit should 

be. The important thing is that the same calculation 
used to create the check digit in the first place should be 
used to confirm the check digit when the identification 
number is input. 


WORKED EXAMPLE 1.07 


ISBN $78 -0-957 


WIN 


Figure 1.15: Unique product code check digit. 


The Unique Product Code (UPC) check digit is used 
| with 13-digit barcodes. It is the last digit shown on a 
barcode. The algorithm for calculating the check digit 
is as follows. 


1 Add all the digits in even numbered 
positions together. 

2 Multiply the result (1) by 3. 

3 Add all the digits in odd numbered 
positions together 

4 Add results (2) and (3) together. 

5 Divide the result (4) by 10. 

6 Calculate the remainder (modulo 10) of 
result (5). 

7 Subtract (6) from 10. 


Valid example 

In this example, the International Standard Book 

Number (ISBN) is 978095734041-1 where the last 1 

is the check digit. To calculate the check digit, this 

algorithm is performed on the ISBN (excluding check 

digit). 

1 Add all the digits in even numbered positions 
together (978095734041): 7+0+5+3+ 
0+1=16. 

2 Multiply result (1) by 3: 16 x 3 = 48. 


Nn E] 
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3 Add all the digits in odd numbered positions 
together (978095734041):9+8+9+7+ 
4+4=41. 


4 Add results (2) and (3) together: 48 + 41 = 89. 
5 Divide the result (4) by 10: 89 = 10 = 8.9. 


6 Calculate the remainder (modulo 10, when 
the number is divided by 10) of result (5): 89 
MOD 10=9. 


7 Subtract (6) from 10: 10-9 = 1. 


The result of the algorithm is 1. 


Invalid example 


In this example, the ISBN has been entered incorrectly 
because two numbers have been transposed (7 and 3) 
accidentally: 9780953 74041-1. 


1 Add all the digits in even numbered positions 
together (978095374041): 7+0+5+7+ 
0+1= 20. 

2 = Muitiply result (1) by 3: 20 x 3 = 60. 

3 Add all the digits in odd numbered positions 
together (978095374041):9+8+9+3+ 
4+4= 37. 

4 Add results (2) and (3) together: 60 + 37 = 97. 

5 Divide the result (4) by 10: 97 = 10 = 9.7. 

6 Calculate the remainder (modulo 10) of result 
(5): 97 MOD 10 =7. 

7 Subtract (6) from 10: 10-7 = 3. 

The result of the algorithm is 3. The result 3 is 


compared with the check digit of 1 that was entered. 
They do not match. The ISBN entered is invalid. 


ACTIVITY 1.06 


Use a website to generate check digits for | 


vroduct codes. | 


NY 
ERO 


The usual algorithm for UPCs is to multiply the 
oda digits by 3 rather than the even digits. It 
is only for 13-character barcodes that the even 


digits are multiplied by 3. 


Find out how to calculate a check digit for 
10-digit barcodes. 


Verification 


Verification is the process of checking that the 
data entered into the computer system matches the 
original source. 


KEY ERD 


verification: ensuring data entered into the 
system matches the original source 


Visual checking 


A method of verification can be for the user to check 
visually that the data entered matches the original 
source. This can be done by reading the data displayed 
on screen and comparing it with the original data. If the 
data matches, then it has passed the verification process. 
If it does not match, then it has failed the verification 
process and needs to be re-entered. Visual checking 
does not ensure that the data entered is correct. If the 
original data is wrong, then the verification process may 
still pass. 


For example, if the intended data is ABCD but ABC 
is on the source document, then ABC will be entered 
into the computer and verified, but it should have been 
ABCD in the first place. 


Double data entry 


Another method of verification is to input data into 
the computer system twice. The two items of data are 
compared by the computer system and, if they match, 
then they are verified. If there are any differences, then 
one of the inputs must have been incorrect. 


For example, when changing a password, most systems 
will ask the user to enter the new password twice. This 
is because it is critical that the password is entered 


ea 
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correctly in order that the user can gain access to the 
system in the future. If the new passwords match, then 
the password will be changed. If the new passwords 
don’t match, then one of the passwords must have been 
entered incorrectly. 


It is still possible to pass double entry verification 

and for the data to be incorrect. If the data is entered 
incorrectly twice, then the two values may match. For 
example, if the CAPS key is left on by mistake then both 
entries would match. 


Hash total 


Hash totals can be used when inputting a set of data. 
A hash total is calculated by adding together values 
from an input field for all the records that need to be 
input. Before input starts, the user will manually add 
up the values. Once input is completed, the computer 
will compare the hash toial it calculates automatically 
with the hash total calculated manually before data 
entry. If the two totals are different, then a mistake has 
either been made during data input or in the manual 
calculation of the hash total. 


ED EXAMPLE 1.08 


A user is inputting these coursework marks for 


Coursework mark: 74 


Candidate number: 18264 
Coursework mark: 38 


Candidate number: 18279 
Coursework mark: 82 


The user adds A he total of all the coursework 
marks to give a hash total: 


74 + 38 + 82 = 194 
The user then inputs the coursework marks as follows: 


Candidate number: 18292 
Coursework mark: 74 


Candidate number: 18264 
Coursework mark: 83 


Candidate number: 18279 


| students. 
Candidate number: 18292 
Coursework mark: 82 


The computer calculates the hash total to be 239. As 239 
does not match 194 there was either a data entry error or 
an error in the manual calculation of the hash total. In 
this case the error occurred with the input of candidate 


| 18264 whose mark should have been 38 not 83. 


A hash total is likely to find an error, but there are some 
occasions when an error wouldn’t be found. 


WORKED EXAMPLE 41409 


A user is inputting the following coursework marks 
for students: 


Candidate number: 18292 
Coursework mark: 74 


Candidate number: 18264 
Coursework mark: 38 


Candidate number: 18279 
Coursework mark: 82 


The user adds up the total of all the coursework 
marks to give a hash total: 


74 + 38 + 82 = 194 
The user then inputs the coursework marks as follows: 


Candidate number: 18292 
Coursework mark: 73 


Candidate number: 18264 
Coursework mark: 39 


Candidate number: 18279 
Coursework mark: 82 


The computer calculates the hash total to be 194. 
Because 194 matches 194 the data entry errors of 73 
and 39 were not detected. 


OO ee 


Control total 


Control totals are very similar to hash totals. Hash 
totals can use any field and the sum of the data used 
may not have any meaning. Control totals have some 
useful meaning. For example, a control total could be 
the number of items in the batch that is to be input, or 
the total of prices for individual items on an order. 
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Parity check 


A parity check is used to fud errors during data 
transmission. Each byte (or word) of data is checked 
individually. For the purpose of explaining the parity 
check, we will assume that the parity check is on a single 
byte only. One of the bits in each byte is used as the 
parity bit and the other 7 bits are used to represent the 
data. There are two types of parity check: even parity 
and odd parity. 


With even parity, the total number of on bits in a byte 
must be an even number. If the number of on bits within 
the 7 bits of data is odd, then the parity bit will be set to 
on to make the total on bits even. If the number of on 
bits within the 7 bits of data is even, then the parity bit 
will be set to off to keep the total on bits as even. 


(/ 


These seven bits of data are about to be transmitted: 
1001100 


Each on bit is represented by a 1 (one) and each off 
bit is represented by a 0 (zero). There are three on bits 
which is an odd number. The parity bit is therefore set 
to be on (1) so that the total number of on bits is an 
even number: 


10011001 


When this byte is received after transmission, the 
number of on bits are added up. If the total is even, 
then the data is accepted. 


With odd parity, the total number of on bits in a byte 
must be an odd number. If the number of on bits 
within the seven bits of data is even, then the parity bit 
will be set to on to make the total on bits odd. If the 
number of on bits within the seven bits of data is odd, 
then the parity bit will be set to off to keep the total on 
bits as odd. 


These seven bits of data are about to be transmitted: 
1001100 


There are three on bits which is an odd number. The 
parity bit is therefore set to be off (0) so that the total 
number of on bits is an odd number: 


10011000 


When this byte is received after transmission, the 
number of on bits are added up. If the total is odd, 
then the data is accepted. In this example, the data is 
received as: 


11011000 


The total on bits is in the received data is four. This is 
an even number so the computer system knows that 
an error occurred during data transmission. 


Parity bits only check to see if an error occurred during 
data transmission. They do not correct the error. If an 
error occurs, then the data must be sent again. Parity 
checks can find an error when a single bit is transmitted 
incorrectly, but there are occasions when a parity 

check would not find an error if more than one bit is 
transmitted incorrectly. 


WORKED EXAMPL 


These seven bits of data are transmitted using even 
parity with a parity bit of one: 


100110061 
The data is received as: 


61911001 


The data is accepted by the even parity check because 
there are four on bits. The parity check was not able 
to identify the error where the first two bits were 
transmitted incorrectly. 
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Checksum 


Checksums are the resuit of a calculation on the 
contents of a file used to check whether a file has been 
transmitted or copied correctly. This can be especially 
useful if checking that a hacker hasn’t disguised a 
malicious file as a genuine one. Any slight change in a 
file will mean that a different checksum is generated. 
The checksum is usually represented to the user as 
hexadecimal digits which are the numbers 0 to 9 and 
letters A to F with 2 hexadecimal digits representing a 
single byte. 


Different algorithms can be used to generate the 
checksum. Popular algorithms include SHA-256, SHA-1 
and MDS. Although it’s very rare, MDS and SHA-1 
have been known to generate collisions. Collisions occur 
where the same checksum is generated for a different 
file. This can enable a hacker to disguise a malicious file 
as a genuine file, but is unlikely to happen by chance. 
Therefore, SH-1 and MD-5 are still suitable for checking 
for transmission errors. If the checksum at the start of 
transmission does not match the checksum at the end of 
transmissiou, then there will have been a transmission 
error. At the time of writing, there haven’t been any 
reports of SHA-256 creating collisions and so it is 
currently the safest checksum method to use. 


ET Select Adminin Windows Powersnell 
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A 
1 Copy a file such as a word processed 
document to a different folder. 


2 Compare the checksums of the original file 
and the copied file using an online checker. 
What do you notice about the checksums? 


Now make a change to the copied file. 


4 Compare the checksums of the original file 
and the changed copied file. What do you 
notice about the checksums? 


You can also see other checksums that would be 
created using other methods. 


eyebenar rini 


Figure 1.16: Checksums for a Microsoft® Windows® file. 
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The need for both validation 
and verification 

It is possible to enter valid data that is still incorrect. It 
is also possible to verify incorrect data. By using both 
validation and verification, the chances of entering 
incorrect data are reduced. If data that is incorrect 


passes a validation check, then the verification check is 
likely to spot the error. 


WORKED EXAMPLE 1.13 S 


The validation rule is that a person’s sender must be 

a single letter. N is entered. This passes the validation 
check but is clearly incorrect. When verified using 
double entry, the user enters N first followed by M 

the second time. The veritication process has identified 
the error. 


However, it is still possible that the user could enter 
N twice and both the validation and verification 
processes wouid fail. 


TICAL ACTIVITY 1.08 


Perform a visual check on the following sentence. 


| were walking along the road yesterday wen | 
spotted a dog without a lead | callea the dog but 
it did not respond. the dog ran away; 


Questions 


9 Describe the purpose of verification. 
10 Identify three methods of validation. 


11 Explain, using examples, why validation and 
verification do not ensure that data is correct. 


1.5 Data processing 


Data processing is any activity that manipulates or 
carries out operations on data. 


Data processing includes actions such as: 
e collection and storage 


e editing and updating 


e sorting and searching 


e output and dissemination. 


The data to be processed is usually stored in 
files. Each file is a collection of records about 
a particular entity, for example, records of 


customers, employees or products. 


Each record consists of items of information 
called fields, for example, customer surname, 
employee number or product price. 


Organisations process data in different ways such as 
batch, online and real time processing. 


Batch processing 


Figure 1.17: Batch processing. 


In a batch processing system, the individual operations 
or transactions that need to be performed on the data 
are not done one by one by an operator in ‘real time’ but 
are collected together into a batch. At a later time, the 
system automatically carries out all of the transactions 
and updates the data file. 


Examples where batch processing is used include 
automated backups, the processing of employees’ wages, 
customer orders and stock control. 


For data to be processed it is often stored first. This can 
be for long periods of time or momentarily. There are 
two main file types that are used to store data, master 
files and transaction files. A master file usually stores 
data about a thing such as a person, place or object. A 
transaction file usually stores data about an event, such 
as an order, electricity usage and travel expenses. 
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batch processing: sets of data are processed all at one time without user interaction 


master file: a table in a database containing information about one set of things, for example, employees 


transaction file: data that is used to update a master file 


2 v 
WORKED EXAMPLE 1.14 


Businesses store customer details such as name, address and the total money they have spent in a file. There is a 
record for each customer. 


Here is an example file. 


Field 


Customer_lId Total_Spent (£) 


ening Pee 
Nkrumah 2 Cambridge Avenue 
28 Fenton Street 

22 Grafton Steet 


Customer_Id is the primary key for each 
record. The data in the primary key field 
must be unique for each customer. 


| 
This file is called the master file. In a payroll system, used for processing employee wages, the master file would 
contain details of each employee, such as their ID number, name, address, hourly pay, total earned for the year and 
the amount of tax they have paid. 


Whenever a customer orders a product, the transaction After a regular interval, the complete batch of records 
is recorded in another file called a transaction file. in the transaction file are processed. In this example, 
invoices and delivery notes will be generated by merging 
the transaction and master files and the data in the 

N] master file is updated by recalculating the Total_ 
- = Spent field. 


Blouse 


Here is an example transaction file. 


At the start of the process, the transaction file is 
validated and any transactions that are invalid will be 
moved to an errors file. 


The transaction file is sorted so that it is in the same 
order as the master file 
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WD 


In this example the transaction and master files are sorted into ascending order according to the Customer_Id field. 


WORKED EXAMPL 


CustomerAlck Product_Ordered Cost (£) ustomer_Id Product_Ordered Cost (£) 


25.00 03678 35.60 
Blouse 04632 100.00 


06242 Jeans 06342 60.75 
03678 Shirt 09763 30.50 
Jacket 00.00 16936 25.00 


Figure 1.18: Unsorted. Figure 1.19: Sorted. 


The batch process moves through the transaction file and finds the corresponding record in the master file with the 
same Customer_Id. 


+ 


WORKED EXAMR 
a 


The first transaction in the previous worked example has a Customer_Id of 03678. This transaction is merged 
with the customer master file to produce an invoice and delivery note and to update the Total_Spent field in the 
master file. 


Notice how the Total_Spent field of the second record has been updated. 


Address Postcode Total_Spent (£) 


13 The Grove CM6 4EW 132.65 
13 Abbey Road CB9 7FG 494.02 


This continues until all the records in the master file have been copied to the new version. 


The new master file will now hold this information. 


Address Postcode Total_Spent (£) 


3 The Grove C CM6 4EW 132.65 
13 Abbey Road CB9 7FG 494.02 
6 Bath Terrace DW9 13CA 1442.90 


9 Bridge Street 
2 Cambridge Avenue 
Hussain 28 Fenton Street 
Jackson 22 Grafton Street 
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One way of representing transaction processing as an 
algorithm could be as follows. 


For each line in transaction file 


Repeat 


Read next record in master file 


Until transaction file ID matches master 


file ID 


master file total for current record = 
master file total + transaction file value 


Next line in transaction file 


Advantages and disadvantages of batch 


processing 


It is a single, automated 
process requiring little 
human participation 
which can reduce costs. 
It can be scheduled to 
occur when there is little 
demand for computer 
resources, for example, 
at night. 


As it is an automated 
process there will be 
none of the transcription 
and update errors that 
human operators would 
produce. 

There are fewer 
repetitive tasks for the 
human operators 


There is a delay as data 
is not processed until 
the specific time period. 


Only data of the same 
type can be processed 
since an identical, 
automated process is 
being applied to al! the 
data. 

Errors cannot be 
corrected until the batch 
process is complete. 


Table 1.5: Advantages and disadvantages of batch 


processing. 


Question 


12 Describe how a telephone company might make use 


of both batch and interactive processing methods 
including the use of master and transaction files. 


Online processing 

There are differing definitions of online processing. 
For this syllabus, the focus is specifically on interactive 
processing. 


KEY WORDS 


online processing: also known as interactive 


processing, data is input by the user and 
feedback given in the form of outputs 


Interactive processing is what you are most likely to 

be familiar with. Interactive means that the user and 
computer are communicating together. The user inputs 
data and the computer responds with an output. While 
processing takes place, data is stored in RAM and is 
not saved to non-volatile memory (for example, a disk) 
until the user saves the data. The computer will process 
the data as quickly as possible so that the user is able to 
see (or hear) the results of the processing. For everyday 
tasks such as word processing, analysing data in a 
spreadsheet, browsing the web and checking emails, the 
response times will be thousandths of a second. 


One method of online processing is to deal with data 
as transactions. A certain amount of data is input as a 
transaction. This amount of data is usually small. 
Once the data for the transaction is collected it is 
processed and the next transaction can occur. 


An online booking system, for example, an airline ticket 
booking system, will process data in transactions. All 
the data about the customer, flight and seat number 

will be collected in the transaction. This will then be 
processed and a ticket can be provided as an output. 

As each transaction is processed in turn, this avoids 

a seat on the aeroplane being double-booked. Once 

a seat has been allocated to a transaction, until that 
transaction is completed that seat cannot be booked 

by anyone else. This is because no transaction will be 
processed until the previous one is completed. The same 
would occur with a concert ticket booking system. 


Electricity meter readings need to be recorded on a regular 
basis so that accurate bills can be calculated. The readings 
are taken interactively using methods such as: 


e aPDA or smart phone is used by an employee of 
the electricity company 


e the homeowner enters the meter reading using the 
world wide web 
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e the homeowner phones the electricity company and 
enters the reading using the phone. 


Note that electricity meter readings can be taken 
automatically using a smart meter which does not 
require user interaction. 


Electronic funds transfer 


Electronic funds transfer (EFT) is the transfer of funds 
(money) electronically to or from a bank account. Some 
types of EFT payments include: 


e Direct payments where money can be sent from 
one bank account to another. This can either 
happen immediately or within a given time frame or 
overnight. If it happens within a given time frame, 
then there is usually a batch process involved that 
processes a batch of direct payments at one time. 

e Automated teller machines (ATMs) are used to 
withdraw cash from a bank account. The ATM will 
look up a customer’s bank account in a database 
and, if there are enough funds, then it will allow a 
withdrawal to take place and deduct the amount 
withdrawn from the account balance. 


e Debit cards can be used to give an instruction 
to your bank to take funds to pay for goods or a 
service. A debit card is linked to a bank account 
and, when used to make a payment, the transaction 
is sent to the bank. A customer has to confirm the 
card belongs to them by entering a PiN, although 
contactless payments are also possible without 
a PIN up to a limit for each transaction. Once 
the PIN is confirmed, the account number and 
amount requested will be sent to the bank. The 
bank’s computer systein will check that the balance 
available to the customer is sufficient for the 
transaction amount. If there are sufficient funds, 
then the bank will return a message to the retailer 
confirming that funds are available. The retailer 
will then confirm the purchase and the amount to 
transfer {rom the customer to the retailer is sent to 
the bank. The bank’s computer system will then 
create a transaction for the amount of the purchase, 
subtract the funds from the customer’s account and 
add the funds to the retailer’s account. 


e Direct debits are used where regular payments 
need to be made. The owner of a bank account 


can authorise an organisation to take payments 
automatically. This is often used for paying utility 
bills which may vary each month. 


Online stores 


Online stores enable a customer to purchase a product 
from anywhere in the world and have it delivered to their 
home address. An online store uses an interactive system 
where the customer can browse or search for products 
using a website. The customer can then add those 
products to a virtual shopping basket which can be paid 
for using electronic funds transfer. The online store will 
send a confirmation email to the customer and then 
email updates about the delivery of the product. 


Automatic stock control 


The purpose of a stock control system is to ensure that 
a shop always has enough stock (products) to sell and 
never has too many. It’s also possible to have a stock 
contro! system that ensures there are always enough 
parts needed for a manufacturing process. The main 
feature of a stock control system will be a database 
which will store data about each product that the shop 
stocks. In addition to this, data will be stored about the 
suppliers. 


The system will need to store the following data about 
stock in order to maintain healthy levels of stock 
within the shop: 


e quantity in stock 


e reorder level (the point at which more stock will 
be ordered) 


e reorder amount (the quantity that should be 
ordered when the reorder level is reached). 


Each time a product is purchased at the till, its barcode 
wul be scanned. The barcode number will be found in 
the database and the quantity recorded as being in stock 
will be reduced by one. When the quantity in stock 
reaches the reorder level for that product, an automatic 
order will be placed for the reorder amount of that 
product. When the products that have been ordered 
arrive at the shop, the quantity in the database will be 
increased by the number of products that have arrived. 
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WORKED EXAMPLE 


Table 1.6 shows an extract of data that could be stored about stock in a stock control system (many fields have been 
omitted such as Coiour, Size, Category, Location etc): 


012345678905 Male Polo Shirt 
45678901 2343 Female Polo Shirt 


| 567890123450 


678901234567 Girls Trainers 


L 


Table 1.6 


We can see from this that there are currently 4 female polo shirts in stock and the reorder level is 3. That means that 
next time a female polo shirt is purchased, the quantity in stock will reduce to 3 and so 10 female polo shirts will be 
reordered. 


We can also see that there is only 1 girls trainer in stock and so it had already dipped below the reorder level so we 
would expect to see that 4 girls trainers are already on order. When these 4 girls trainers arrive in store, the quantity 
in stock will be increased by 4. 


The system can be a little more complex than this in large supermarkets where they need to keep track of how much 
stock is on the shop floor and how much stock is in the on-site stock room. There will also be times when products 
go out of date and so have to be thrown away and the quantity in stock will need adjusting. Stock also goes missing, 
sometimes by accidental damage or by theft. There wili therefore be regular stocktakes where the shop checks the 
amount of stock it has compared with what is stored in the database and then makes adjustments. 


Electronic data exch ange The traditional process of placing an order would involve 


Electronic data exchange, or electronic data interchange 
(EDI) is a standardised format for exchanging data 
between organisations. For exampie, your school 

will submit coursework marks and estimated grades 


to 


the buyer creating a purchase order, printing it and posting 
it to the supplier. The supplier would then receive this paper 
copy, enter the orcer onto their order entry system, print a 
delivery note to send with the order and print an invoice to 
send to the buyer. The buyer would then receive the invoice 


an awarding organisation, cither online, or using and then altfee for payment io be made 
celia A 


software designed to facilitate the exchange of that 

data. Application program interfaces (APIs) are used With business-to-business (B2B) electronic data 

to provide a standard interface for importing and interchange, the buyer can create a purchase order 

exporting data between different software. Accounts but, instead of printing it, the software will transmit 

software will often automatically send data to the the order using EDI directly to the supplier’s ordering 

government for tax purposes using an API. system. The supplier’s system will be able to give 
immediate confirmation of receipt and updates 

Business-to-business buying and selling relating to the order, such as when the products have 


vx 
vv 


process can be made easier by having a common 
interface for sending the order and receiving the order. 
Some large wholesalers may insist on clients using the 
wholesaler’s own software, but most will provide an API 


been dispatched. Similarly, the supplier can create an 
electronic invoice which will be transmitted by their 
software to the buyer’s software and matched with the 
original purchase order. Peyment can then be made 
using electronic funds transfer once the buyer confirms 
the goods have been received. 


hen a business buys in bulk from a supplier, the 


for clients to link their own software to. 


Ne SCC‘. 
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Real-time processing 


A real-time processing system processes data as soon as 
it has been input. Such systems are normally used when 
the immediacy of the data is vital. 


real-time processing: data is processed as soon 
as it has been input and outputs are generated 
immediately 


ee 


Air traffic control 


Figure 1.20: Air traffic control. 


Jn an air traffic control system, data such as the location 
of all the aeroplanes currently in the air, is processed 
immediately so that the location of the planes can be 
known by everybody using the system. This 1s vital 
because this data will need to be given back to each plane 
that is currently in flight to make sure no collisions occur. 
There cannot be any delay in the processing of this data 
because the result of a delay could be catastrophic. 


Computer games 

When playing computer games, the input from the user 
needs to be processed immediately so that it can take 
effect and the game can be controlled. Each time a user 
asks a game character to move forward by pressing a key 
or button, the character needs to do this immediately. 

In order to do this, the game needs to have a real-time 
processing system to process the data. 


Why would we not make every processing 


system a real-time system? What would be 
the impact if we did? List the advantages and 
disadvantages of real-time processing. 


Some real-iime systems use a feedback loop where the 
output directly affects the input. 


v 
B PROCESS 


STORAGE 


OUTPUT 


l 
l 
l 
l 

y 

l 


\ FEEDBACK 2 
< 


Figure 1.21: Feedback loop. 
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A central heating system is constantly monitoring the temperature of its surroundings. The desired temperature 
is stored, in this case 20 °C. When the temperature becomes too high, the boiler will be turned off. When the 
temperature becomes too low, the boiler will be turned on. 


e, Compare Turn boiler 


Temperature temperature on or off Heat 
(NPA, (PROCESS) (PROCESS) (OD TEOT 


Stored 
temperature ; 
20°C (STORAGE 


Output = Heat - directiy affects temperature = input 


Figure 1.22: Thermostat. Figure 1.23: Temperature coniro! 


When the boiier is turned on, it generates heat which will increase the temperature. This increase in temperature 
affects the input to the system and therefore feedback has occurred because the output (heat) has affected the input 
(temperature). The same happens if the boiler is turned otf because the temperature in the room will be reduced and 
when 1t reaches a certain level the boiler will switch on again and generate heat. 


Es 


Air conditioning system As a rocket moves, its position is constantly changing. 
If the position is off-course, then the rocket needs 


rotating back on course. As the rocket is rotated, this 
immediately affects its position, which is also the input 
to the control system. 


PRACTICAL ACTIVITY 1.09 


Draw a diagram similar to the one in worked 


example 1.18 to show how an air conditioning 
system would work. 


(7) 


Find out how different rocket guidance systems 


Rocket g! lidance systems operate and the inputs and outputs that are used 
to control the rocket’s path. 


When a rocket is launched, the launch happens in 
real-time. if the rocket veers off course, then any delay 
in receiving instructions could see the rocket continue 


in the wrong direction or, ultimately, crash. A rocket Questio n 
guidance system needs to provide stability for the rocket ; a 
and to control its movement. 13 Explain why real-time processing is required for a 


video-conference. 
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1 Using an example, define the term information. [2] 
2 Users can pay for premium services on a website using their credit card. 
a Explain why the website uses https at the beginning of the website address instead of http. [4] 
b Explain symmetric encryption. [2] 
The journalists working for the website encrypt their emails. 
c Describe how asymmetric encryption is used with emails. [2] 
When the users subscribe to premium features, they have to choose a password. 
d Suggest how verification can be used when entering the password. [1] 
[Total 9] 


3 There is a form on the website in question 2 that can be used to submit news stories. 
When data is entered onto the form, it is validated. 


a State what the purpose of validation is. [1] 

b Using an exumpie related to submitting a news story, identify and describe one method of 
validation [3] 
[Total 4] 
4 Describe the difference between an online and a real-time processing system. [4] 
5 Define the term ‘master file’. [2] 
6 Describe three characteristics of a stock control system. [6] 
7 Describe how a stock control system maintains stock levels automatically. [4] 


SUMMARY CHECKLIST & 


I can explain the difference between data and information. 


I can explain the use of direct and indirect sources of data. 


I can evaluate the advantages and disadvantages of direct and indirect sources of data. 


I can describe factors that affect the quality of information. 


I can understar d the need for encryption. 


I can descrive different methods of encryption. 


I can describe encryption protocols. 


I can explain how encryption is used. 


1 can evaluate the advantages and disadvanta xs of different protocols and methods of encryption. 


I can describe the use of validation methcds. 


I can explain the need for both validation and verification. 


I can describe batch, online and rozi time processing methods. 


Ican give examples of when taich, online and real-time processing methods ere used. 


I can write an algorithm. 


I can evaluate the advantages and disadvantages of different processing methods. 
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LEARNING INTENTIONS | AÑ Q 


By the end of this chapter, you will be able to: 

e describe the characieristics of mainframe computers and supercomputers 

e give examples ct the use of mainframe computers and supercornputers 

e explain the advantages and disadvantages of mainframe cornputers and supercomputers 
e describe types of system software and how they are used 

e explain the advantages and disadvantages of system software 

e — understand the need for utility software 

< describe types of utility software and how they are used 

e explain the advantages and disadvaiieges of utility software 

e describe the uses of customer wriitei software and off-the-shelf software 

e explain the advantages and disadvantages of custom written and off-the-she!‘ software 
e describe different types oï user interfaces and their uses 


e explain the advantages and disadvantages of different types of user interfaces. 
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Do you understand the difference between hardware and software? 


Can you explain the purpose of input, output and storage devices? 


Do you know the purpose of internal hardware devices including CPU, motherboard, RAM, ROM, 


graphics card, sound card, HDD, SSD? 


Can you evaluate applications software and choose appropriate software for a given task? 


Introduction 


Hardware devices are the physical components of a 
computer. Hardware includes the CPU, motherboard, 
RAM, ROM, graphics card, sound card, monitor, 
keyboard, mouse, printer and memory card, 

among others. 


Software is also known as programs or apps (application 
software), such as word processing, spreadsheet, anti- 
malware or operating system. Each program consists 

of programming code which gives instructions to the 
computer in order to carry out a task. The code that 

is passed to the hardware is in binary format which 
consists of instructions in the form of lots of ones and 
zeros (for example, 101011101110). 


KEY WORDS 


device: a hardware component of a computer 
system consisting of electronic components 


software: programs which give instructions to 
the computer 


operating system: software that manages the 
hardware within a computer system 


2.1 Mainframe computers 
and supercomputers 


Uses of mainframe computers 


Mainframe computers can serve many terminals, usually 
thousands, within an organisation. A terminal can 
be a computer that is connected to the mainframe, a 


dumb terminal that has very little processing power and 
memory of its own or even an ATM (automated teller 
machine). Mainframes are often used to host business 
databases that can be accessed by the business and also 
thousands of consumers simultaneously through a web 
interface. They are also used for large scale transaction 
processing and batch processing. Other uses include 
statistica! analysis such as analysis of census data. 


mainframe computer: powerful computer 
serving several terminals 


Uses of supercomputers 


While mainframes are designed to be used by 
thousands of users and carry out many different 

types of instructions, supercomputers are designed to 
carry out large numbers of complex calculations. A 
supercomputer will run very few computer programs 
and its focus is on executing instructions as quickly as 
possible for one purpose. They will be run at maximum 
capacity so that their full power is used to process data 
and solve a problem. 


KEY WORD 


supercomputer: large computer with parallel 


processing to complete highly complex 
tasks quickly 


Supercomputers are required for research in quantum 
mechanics where billions of complex calculations need 
to be made to simulate the dynamics of millions of 
atoms. They are also used in weather forecasting and 
climate research where sophisticated numerical models 
of the atmosphere, ocean and space need to be created. 
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This means that their design prioritises the system 
being availabie 100% of the time. To be reliable, the 
hardware components must be capable of extensively 
self-checking and recovering automatically in the case 
of tailure. Software for use on the mainframe will have 
gone through extensive testing and should be able to be 
updated quickly if problems are detected. 


To remain available, the mainframe must be able to 
continue to operate at all times. There will be redundant 
hardware components, such as storage and power 
supplies, that will take over automatically if an active 
component fails. This will also mean that a failed 
component can be swapped out with a replacement 
without affecting the operation of the mainframe which 
makes it serviceable. The term hot-swappable is used to 
refer to hardware components that can be replaced while 
the system is still running. 


Mainframes can often operate without downtime for 
many years, but serviceability also requires that if the 
mainframe does need to be taken down for maintenance 
then it should be taken down for as short a period as 


Figure 2.1: Sierra Supercornputer at Lawrence Livermore 
National Laboratory. 


The supercomputers will process billions of observations possible. Longevity is important because mainframes 
from weather monitoring stations, satellites, weather and supercomputers are a large financial investment 
balloons, buoys and radar among others. and so they need to be useful for several years. The 


ability to upgrade them by adding additional processors 
or memory is important to ensure they can cope with 


Characteristics of mainframe nereasing demand. 
a nd su pe rcom p uters Due to the power and quantity of processors, 


mainframe computers and supercomputers generate a 
lot of heat. This therefore requires cooling systems to be 
in place. One method is to use air cooling which cools 
the warm air in equipment racks and carries the heat to 
large chillers, but this uses up a lot of power. A more 
efficient method is to use liquid cooling which delivers 
cold liquid direct to the processor chip. Many data 
centres are now being built in colder parts of the world 
where natural cold air can be circulated. 


As mainframes service many applications and 
thousands of simultaneous users, they require a multi- 
layer approach to security including identifying users, 
authentication and access control. Individuals and 
groups can be given permission to access different 
resources. Each resource will have different levels of 
access that can be granted to it. For example, web users 
would be allowed to see descriptions, images and prices 
of active products for sale but only product managers 
would be able to see non-active products or make 
changes to the descriptions and prices. Security software 
Mainframe computers need to have reliability, will also monitor the mainframe for potential security 
availability and serviceability (RAS) characteristics. threats and alert administrators if a threat is suspected. 


Figure 2.2: The IBM z13: mainframe computer. 
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Historically, the performance of a mainframe computer 
has been measured by how many instructions its 
processors can perform every second. This is measured 
in MIPs (millions of instructions per second). 
However, this is not considered an accurate measure 

of performance of the mainframe as a whole for several 
reasons, including that a complex instruction can take 
longer to process than a simple one. CISC (complex 
instruction set computing) processors will have a single 
instruction doing many things at once whereas RISC 
(reduced instruction set computing) processors wil! have 
a single instruction that does very little but manages 

the instruction efficiently. Other factors that affect 
processing speed and mean that MIPs is not an accurate 
measurement include: 


e ~=workload mix 

e memory and cache sizes 

e amount of input and output activity 
e operating systems and software 

e changes made to hardware. 


A batch workioad that operates sequentially will make 
efficient use of resources, but online activity such as 

web access will have a much more random resource 
requirement. Larger memory and cache sizes can make a 
significant difference to the performance of a mainframe 
computer. Lots of input and output activity leads to less 
efficient use of processors with tasks being suspended 
while input/output interruptions are processed. 


As the amount of input and output activity can have a 
detrimental effect on the performance of a mainframe, 
it’s possible to include dedicated system assist processors 
(SAPs) which handle input/output requests. This 

frees up the main processors enabling them to operate 
without input/output interruptions. 


Enhancements or bug fixes for operating systems 
and applications sottware can improve the efficiency 
of processing or can have an adverse effect on how 
efficiently processors are used. 


In general, the cost of mainframes is evaluated by 
looking at how many MIPs can be delivered for the cost, 
despite the shortfalls of the measurement. 


Another performance measurement is FLOPS (floating 
point operations per second), or MFLOPS (mega 
floating point operations per second). MV LOPS means 


mega FLOPS, which is one million floating-point 
operations per second. Floating point instructions 

are used in scientific computational research and so 
MFLOPS are more often used to compare the speed 

of supercomputers. MFLOPS give a more reliable 
measure of performance than MIPS but there are still 
discrepancies where some processors can carry out a 
single floating point operation but others would require 
several floating point operations for the same result. 
For example, the Cray-2 supercomputer has no divide 
instruction but the Motorola 68882 has divide, square 
root, sine and cosine functions. This means that the 
Cray 2 would require several floating point instructions 
to carry out a division but the Motorola 68882 would be 
able to do this as a single floating point instruction. 


FLOPS: fioating point operations per second 


— used to measure the performance of 
supercomputers 


As with desktop computers, there are a variety of 
operating systems available for mainframe computers. 
Some operating systems such as z/OS are general 
purpose and offer a stable, secure and continuous 
environment for software that runs on the mainframe. 
Others such as z/VM specialise in offering virtual 
machines, each of which runs its own operating system. 
Some operating systems such as z/TPF specialise in 
transaction processing where there are a high volume 
of transactions taking place such as ticket sales. Most 
supercomputers run an operating system based on the 
Linux operating system which is Open Source and so 
freely available for development. 


Questions 


1 State two purposes of mainframe computers. 

2 Give two examples of uses of a supercomputer. 

3 State what is meant by RAS in relation to 
mainframe computers and supercomputers. 

4 Explain why colder parts of the world are a 
favoured choice as a location for many data centres. 

5 Explain why MFLOPS are used instead of MIPS as 
a performance measure for supercomputers. 
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They are designed to The high cost of 
be reliable, available mainframes and 
and serviceable (RAS) supercomputers mean 
which makes them more | that they are only used by 
reliable than regular large organisations such 
computers. as governments, banks 
and large corporations 
They require specialist 
operating systems which 
are also very expensive. 


They are scalable A lot of space is required 
because processors and |to install a mainframe 
memory can be added jor supercomputer and 
as required. the temperature must 
be maintained so that it 
_( doesn’t become too hot. 
| Specialist support staff are 
required for maintenance. 


They are designed to 
last for at least 10 years. 


The interface is command 
driven which can be 
difficult to understand. 


They are able to store 
and process extremely 
large amounts of data. 


More than one 
operating system can 
be used at once which 
can improve the overall 
performance of the 
system. 


Supercomputers are 
processing big data 

and so need massive 
external storage drives 
that are capable of 
reading and writing data 
quickly enough for the 
processing. 


Hardware failures are 
notified immediately so 
that replacements can 
be made very quickly. 


Terminals only reauire 
input and output 
devices and can take 
advantage of the 
processing power of 
the maintrame. Desktop 
computers connected 
to a mainframe can use 
| their own processing 
power for smaller tasks 
and the mainframe can 
perform more complex 
tasks. 


Table 2.1: Advantages and disadvantages of mainframe 
computers 


a) 


2.2 System software 


Programs that are designed to maintain or operate the 
computer system are known as system software. The 
software that operates the computer hardware is known 
as the operating system. 


KEY WORDS 


system software: software needed to operate a 
computer system 


Operating systems 


An operating system manages the hardware within 

a computer sysiem. When a computer is turned on 

and after the Basic Input/Output System (BIOS) 

has loaded, the operating system is the first piece of 
soitware that will load. It sits between hardware and 
applications software and manages any communication 
between the two. 


Application 


Figure 2.3: Operating system. 


An operating system manages hardware by carrying out 
tasks such as: 


e allocating memory to software 
e sending data and instructions to output devices 


e responding to input devices such as when a key 
is pressed 


e opening and closing files on storage devices 
e giving each running task a fair share of processor time 


e sending error messages or status messages to 
applications or users 


e dealing with user logons and security. 


(2 
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PRACTICAL ACTIVI 


Microsoft Windows is an example of an operating 
system. Find at least two other operating systems 
used by desktop computers and at least three 
operating systems used by mobile phones 

or tablets. 


aoo ©, 


Device Drivers 


While the operating system can manage the general 
instructions to deal with hardware such as displaying 
graphics on a screen, it requires the use of device drivers 
to deal with specific makes and models of hardware. A 
device driver is the software that comes with an external 
hardware component and sends customised instructions to 
that specific component. By using common device drivers, 
software applications are able to issue generic commands 
such as ‘print’ to the operating system without having to 
know the different instructions required for every different 
make and modei of external hardware components. 


1 
Application 


Operating system 


Figure 2.4: Device driver. 


Translators 


A translator translates a program written in a high- 
level programming language into machine code that a 
computer can understand. 


Compilers 


A compiler is a translator which creates a file containing 
the machine code known as an executable file because it 


can be executed by the processor. It can also be referred 
to as the object file. The original high-level programming 
language file is known as the source file. 


compiler: translates high-level programming 
language into an executable file in machine code 


When a program is compiled, the whole source code is 
translated into the executable file at once and can then 
be distributed to resellers, customers and individual 
computers. As it is in an executable format, it can only 
run on operating systems for which the compiler has 
translated it. For example, programs that have been 
compiled for Windows® will not work on Linux® unless 
they are compiled again for Linux. The same situation 
exists with mobile phone and tablet operating systems. 


| Program file (source file) 


| 


Executable file (obiect tile) 


! Execution 
| by CPU 


Figure 2.5: Compiler diagram. 


The compilation process includes three stages: 


e lexical analysis 

e syntax analysis 

e code generation. 

During lexical analysis, any white space or comments will 
be removed and the code will be broken down into tokens. 


Each token will represent a keyword, constant, identifier, 
string, number, operator or punctuation symbol. 
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For example, in Python, the following code displays a 
value to the screen 


print("Hello" + forename); 


The tokens would be: 


e print (keyword) e + (operator) 
e ( (symbol) e forename (identifier) 
eo" (symbol) e ) (symbol) 

e Hello (string) e ; (symbol) 
oN (symbol) 


Some tokens will be replaced by shorter tokeiis, for 
example, ENDWHILE might be replaced by EW. Any 
errors detected during lexical analysis wili be reported 
to the user. 


During syntax analysis, the structure of the program will be 
analysed to check that it conforms to the syntax (grammar) 
of the programming language. Each set of tokens will be 
analysed separately to ses 1f keywords, constants, identifiers, 
strings, numbers, operators and punctuation symbols have 
been used correctly. A dictionary will be created which is a 
list of variables used by the program, their data types and 
the memory location to be used. 


The final phase is code generation when the source code is 
converted into machine code for the target machine type. 
Different machine types require different machine codes 
to carry out each instruction and so it’s important that the 
source code is translated into the correct machine code. 


Interpreters 


Interpreters also translate a program written in a 
high-level programming language into machine code, 
but use a different method. Instead of translating the 
whole source code at once, it is translated one line at a 
time. This can be less efficient than a compiler because 
it takes time to do the translating as the program is 
being executed and also because statements within 
programming loops (e.g. FOR, REPEAT, WHILE) have 
to be analysed each time round. 


interpreter: translates and executes a high-level 
programming language one line at a time 


An interpreter translates each line of the source code into 
an intermediate stage and then executes the line of code. It 
reports on errors as each line of source code is translated. 


Interpreters are often used to translate macros or 
application-based script languages (for example, Visual 


Basic for Applications), which can be particularly useful 
when a document needs to be opened on a variety of 
operating systems. Interpreters are also used when 
testing programs so that parts of the program can be 
executed without having to compile the whole program. 


Java uses both a compiler and an interpreter. The 
original Java source code (files with a .java extension) 
is compiled into Java bytecode (files with a .class 
extension) which is an intermediate code. In order that 
the Java program can work on any operating system, a 
Java Virtual Machine installed on the computer is used 
to interpret the bytecode at the time of execution. 


Java 
source code 


Figure 2.6: Java diagram. 


—+| compiler | —> 


Java interpreter 


v4 for Mac OS 
Java Java interpreter 


~ | for Windows 


bytecode 
Ss Java interpreter 


for Linux 


Compiler and interpreter differences 


Translates source code 
into object code all 

at once in advance of 
execution. 


Compiled object coae 
will only work on the 
operating system it has 
been compiled for. 


Object code is ready 
to be executed without 
delay 


Compiling can take a 
long time, which is not 
appropriate for on-the- 
fly testing. 

Errors are reported 
after compilation has 
completed. 


The source code is 
optimised to run as 
efficiently as possible. 


Translates source code 
into object code one 
line at a time. 


Source code can be 
translated into object 
code for more than one 
operating system. 


Object code has to be 
generated, so additional 
time is added to the 
execution time. 


Only the required code 
needs to be interpreted, 
so this is efficient for on- 
the-fly testing. 


Errors are reported as 
they are found during 
the interpretation. 


Table 2.2: Compiler and interpreter differences. 
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Linkers 


Computer programs often consist of several modules 
(parts) of programming code. Each module carries 
out a specified task within the program. Each module 
will have been compiled into a separate object file. The 
function of a linker (also known as a link editor) is 

to combine the object files together to form a single 
executable file. In addition to the modules used, the 
program may make reference to a common library. 

A common library contains code for common tasks 
that can be used in more than one program, such as 
mathematical functions, memory management, open 
and save dialogues, progress bars and input/output. 
The linker can link modules from a library file into the 
executable file, too. 


(o Sour co) (ss 
4 
| 


Compiler 


yy 4 


Object Object 
file file 


| 
Object Object 
|| file file 


Runtime Executable 


library 


Linker | ———> 


program 


4 


_- 


Figure 2.7: Linker diagram 


Not all modules are always needed and a linker is 
able to select which modules will form part of the 
executable file. 


Questions 


6 identify two functions of an operating system. 


7 Describe the function of a compiler. 


8 Describe two advantages of an interpreter over 
a compiler. 


2.3 Utility software 


Utility software is system software that performs some 
sort of maintenance on the computer system. Utility 
sofiware does not include the operating system, but an 
operating system may come pre-installed with some 
utility software. 


utility software: software that performs some 
sort of maintenance on the computer system 


Anti-virus 


Anti-virus software is sometimes referred to as 
antimalware software, as it deals with other threats such 
as adware and spyware as well as viruses. It has two 
main functions. The first is an anti-virus monitor that 

is continually monitoring the system for viruses and 
malware. If the anti-virus monitor detects any unusual 
behaviour or tell-tale signs of viruses or malware then 

it will prevent them from being executed so they cannot 
cause damage to files or programs. The second function 
is to check for viruses or malware that may already 

be on a system. This is usually known as scanning the 
system. If anything is found then the user will usually 
be given the option to disinfect the affected area, 

put it into quarantine or ignore it. Ignoring it is very 
dangerous because it means the virus or malware will be 
executed and may have unexpected results. Disinfecting 
is the safest option as it completely removes the threat 
from the system, but it does mean that any data or 
program that had been affected would be deleted. The 
compromise is to put the affected area into quarantine. 
This is a safe area where the virus or malware cannot be 
executed, but the data or program remains isolated until 
it can be checked more thoroughly. 


Backup 


Backup utilities create a second copy of data and 
programs that are in storage. A backup utility can be 
executed by the user, in which case the backup takes 
place when the user asks it to, or it can be scheduled to 
execute at a predetermined time so that the backup takes 
place automatically. The user is usually able to select 
which folders and files will be backed up and can usually 
decide where the backup will be stored. 
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Data compression 


Data compression utilities will reduce the original size 
of files so that they use up less storage space. This can 
be achieved on a file-by-file basis or for a set of files 

or even a set of folders. It will be slower to open the 
compressed file than the uncompressed file, but as it is 
smaller it will use up less storage and can be transferred 
from one location to another more quickly. 


Disk defragmentation 


Storing data on a hard disk 


A hard disk drive (HDD) consists of two main parts: 
the device that is the electronics which store the data, 
and the disk that is the medium onto which the data is 
stored. The device (or drive) includes a read-write head 
which sits at the end of an access arm and magnetises 
sectors on the disk (plaiter). 


ay ree, oak. 


F 
Tr ora Lacan” 


Figure 2.8: A hard disk. 


There is usually more than one platter and therefore 
there will be several read-write heads for each side of 
each platter as shown in Figure 2.8. Each platter will 
have tracks and each track will be split into sectors. The 


tracks that are in the same position on each platter form 
a cylinder. Wherever possible, a computer will attempt 
to store data in clusters on a single cylinder because this 
requires the least access arm movement and the access 
arm is the slowest part of the hard disk. 


Track Track sector 


Platter i 
Disc sector 


Head 


Cluster 


Actuator arm 


Figure 2.9: Structure of a hard disk. 


Do you know where the phrase ‘my computer 
has crashed’ comes from? 


Fragmented files 


As a hard disc gets used, files are kept together in 
storage on the same cylinder or adjacent cylinders. 
When files are deleted, gaps are left on the disc. As files 
grow in size, they use up more space on the disc and 

this may no longer be on the same or adjacent cylinder 
and will be spread across many clusters. When all the 
cylinders have been used, the only space to store files is 
within the gaps. If the gaps are not big enough, then files 
have to be split across gaps, meaning that they become 
fragmented. The problem with this is that when opening 
the file, the access arm of the hard disc drive has to keep 
moving to different locations which makes opening the 
file a slow process. 
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WORKED EXAMPL 


TD 


In Figure 2.10, files have been neatly stored on the disc 
with file A, followed by file B, then file C. 


A A |A [8 B B (0 e 


Figure 2.10: Non-fragmented files. 


Figure 2.11 shows how each of the files has got bigger. 
First of all file A got bigger with an extra two sectors, 
then a new file D was added, then file B got bigger by 
a sector, then file A again by a sector and finally file C. 


A JA A B B B a C A JA D |B JA JC 


Figure 2.11: Fragmented files. 


The files are fragmented and so they need to be 
defragmented as in Figure 2.12. 


A JA A 


a |a [a |e l b fle jce |c |c |p 


Figure 2.12: Defragmented files. 


In Figure 2.13, files Q and S have been deleted. 


fe Je R |R fR Thr i i | WI 


Figure 2.13: Non-fragmented files. 


A new file U needs to be stored but it requires four 
sectors. It could end up being stored as in Figure 2.14. 


P |P U4 |R JR IR T Ir T |T JUL }U2 |U3 


Figure 2.14: Fragmented files. 


Defragmentation can solve this problem by 
temporarily moving U4, moving all of R next to P, 
moving all of T next to R and then moving all of U 
next to each other, as shown in Figure 2.15. 


P IP JR JR |R JT |T |T |T | U1 | U2 | U3 U4 | 


Figure 2.15: Defragmented files. 


Defragmentation 


A defragmentation utility will reorganise all the files so 
that each file is contiguous (kept together). It will do 
this by moving fragmented paris of files and small files 
to free space on the disc and creating space on whole 
cylinders or adjacent cylinders. It will then move the 


defragmented files to a place where the whole file is kept 
together. This can significantly improve the performance 
of a computer system, especially if program files have 
become fragmented and can be defragmented. 


PRACTICAL ACTIVITY 2.02 
Open 2.01 FragmentationDefragmentation.gif. 


In the grid, each colour represents a file, and 
each cell represents an item. 


e The red file is originally stored as items 1 to 7. 


The blue file is then stored as items 1 to 4. 


Additional items 8 to 10 are added to the 
red file, which are fragmented from the red 
file items 1 to 7. 


The green file is then stored as items 1 to 3. 


e The cyan file is then stored as items 1 to 5. 


Additional items 4 to 5 are added to the 
blue file, which are fragmented from the 
blue file items 1 to 3. 


e Additional items 4 to 5 are added to the 
green file, which are fragmented from the 
green file items 1 to 3. 


e The orange file is then stored as items 1 to 7. 


e The blue file is then deleted. 


Now watch what happens as the purple file is 
added as iterns 1 to 2 where the blue file used to 
be and the green file items 6 to 8 are added in a 
fragmented manner. 


Finally, watch how the file is defragmented 
by moving files into blank spaces and then 
reorganising them so each file is kept together. 


Formatting 


When a disc is prepared for first time use, it needs to 

be formatted. Formatting is the process of organising 
the tracks on the disc into sectors. Each sector is where 
data will be stored. A used disc can also be formatted, in 
which case all data will be lost and the tracks prepared 
again as if the disc was being used for the first time. 
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File management 


Files can be copied using features within an operating 
system’s own interface. However, this can be slow and 
options are limited. File-copying utilities enable users to have 
more control over which files are copied and how they are 
copied. For example, a user may only want to copy word 
processing documents that are within a series of folders and 
they may want all the files to be copied to a single folder on 
the destination storage. It is also possible to synchronise files 
across multiple storage locations or even multiple conyputer 
systems, so that when a change is made to a file in one 
location, it will then be updated in all other locations. 


Some files become locked by an operating system and 

it becomes almost impossible to delete them. Deleting 
utilities can overcome this problem by deleting locked files 
and folders. When files are deleted using normal deletion 
methods, the data is still on the disc although the user can’t 
see it. Therefore another function of deleting utilities is 
being able to delete files permanently so that they cannot 
be restored or accessed. Some deletion utilities will remove 
temporary files that are no longer needed by the computer 
system, or files that are no longer used but haven’t been 
deleted when a program has been uninstalled or a user 
profile removed. 


Questions 
9 List two utilities. 
10 Describe the role of anti-virus software. 


2.4 Custom-written 
software and off-the-shelf 
software 


Custom-written software 


When a client requires a software solution that will carry 
out a specific purpose that is unique to their organisation, 
they wili ask for the software to be written for them. 

This is known as custom-written software because it is 
customised to the needs of the client and will meet the 
requirements of the client. 


custom-written software: software that is written 
especially to meet the requirements of a client 


Off-the-snelf software 


When software already exists and is purchased online or 
from a shop, it is known as off-the-shelf software. The 
software will have been written for a general purpose 
that is likely to be useful to a large market. Anybody can 
purchase the software for a specified price. 


off-the-shelf software: general purpose software 
available to a large market 


Advantages and disadvantages 


The entire development 
cost of custom-written 
software is met by the 
client for whom it is 
written, which makes it 
very expensive. 


The development cost 
of off-the-shelf software 
is spread between all the 
customers who purchase 
it at a specified price, 
which means the cost is 
much lower. 


Off-the-shelf software is 
immediately available, 
so the customer can 
start using it straight 
away. 


Custom-written software 
takes a long time to 
develop, so the client 
will have to wait before 
being able to use the 
software. 


Some tasks that the 
customer needs to carry 
out may not be possible 
and there will be lots 

of features that the 
customer never uses. 


The requirements 

of the client can be 
met precisely with no 
additional features that 
are not necessary. 


The developers of the 
software will ensure 
that the software is 
compatible with the 
hardware, software and 
data used by the client. 


The software may not be 
compatible with existing 
hardware, software 

and data used by the 
customer. 
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As the software will not 
have been used before, 
apart from testing, it 

is likely that bugs will 
be found within the 
software as it gets used 
by the client. 


The client will have 
access to support from 
the company that 


developed the software. 


The software will have 
been used by thousands 
of customers and bugs 

will have been identified 
and fixed, and patches | 
will be released as more 
bugs are found so that 

the software runs as 
expected. 


Customers will be able 
to get support from a 
wide range of sources 
including telephone 

| support, discussion 

I forums and online 
training. 


Table 2.3: Custom-written software versus off-the-shelf 


software. 


Proprietary software 


Proprietary software is owned by a single person 

or organisation who sells it for use under an agreed 
licence. Only the files needed to run the software are 
made available, with the source code used to create the 
software remaining with the owner. Different licences 
can be granted for the use of the software including 
freeware, shareware, single user, multi-user and site 


licence. For example, an office suite of software could be 


sold for use for business purposes on a single computer 
or it could be sold for use for personal purposes and 
allowed to be installed on up to five devices. Freeware 
can be used free of charge whereas Shareware can 

be used free of charge, but some features might be 
restricted or it might stop working after a trial period 


until payment is made. 


Explore examples of shareware software and 


discover what restrictions are in place if it's used 
without making a payment. 


Open source software 


Open source software has the source code freely 
available. This means that the source code used to create 
the software must be distributed with the executable 
version of the software. It can be freely accessed, 

used, changed or shared. There is often a community 

of developers that contribute to the development of 
open source software. Whilst open source software is 
often free of charge, it is not a requirement because 

the installation, distribution or customisation of open 
source software can be charged for. 


Visit the Open Source Initiative website and find 
out what defines open source software. 


Cuestions 


11 Describe off-the-shelf software. 


12 Describe two disadvantages of custom-written 
software. 


2.5 User interfaces 


An interface is the boundary between two systems. A 
user interface is the boundary between the user and 
the computer system. A user interface represents the 
communication between a user and the computer 
system. This communication can take many forms. 


user interface: communication between the user 
and the computer system 


Command line interface 


A command line interface (CLI) allows a user to 
enter text commands to which the computer system 
will respond. The computer system will respond by 
producing results in a text format. 


For example, in Figure 2.16, the user has changed 
the directory (folder) to the logs directory (‘cd logs’). 
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Then the user has requested a listing of the directory 
(‘dir’). Finally the user copies the file directx.log to 
the root directory of the f drive (‘copy directx.log f:\’). 
The user gets a confirmation message that one file has 
been copied. The only prompt that the user gets is 
information about which directory is currently active 
(‘C:\Windows\Logs>‘) 


atcth log 


h. i H i ie. 


Figure 2.16: Command line interface. 


CLis use very little memory so they are useful in old 
systems or for maintenance of very small systems/ 
devices (for example, engine management systems). They 
are also useful for technical users who need to carry out 
complex operations which cannot be performed using 
more user-friendly interfaces. However, CLIs can be 
difficult to learn and use because users have to learn and 
remember all the commands, and errors are easily made 
when entering those commands. 


Graphical user interface 


Edit View Window Help 


Open From Acrobat.com... 


E Create PDF Online... 


H Save Ctrl+S 
Save As... Shift+Ctrl+S 


Figure 2.17: Graphical user interface. 


The most common type of interface that we use is a 
graphical user interface (GUI). GUis are found on 
desktop computers, tablet computers, mobile phones, 


a 


televisions, set-top boxes, photocopiers and some in-car 
entertaininent systems. 


GUIs can include some or all of the elements shown in 
Table 2.4. 


The acronym WIMP is commonly used to remember 
these elements. 


Complex GUIs require a lot of memory to operate, but 
simpler GUIs can be used where memory is limited. 
Although CLIs don’t require much memory, simple 
GUIs can be used instead of a CLI in small systems 
such as embedded systems. It is commonplace to find 
simple web-based GUIs for the maintenance of devices 
such as routers, switches and printers. 


GUIs are intuitive to use which means they are easy to 
learn because commands are represented by pictures and 
menus provide options that can be selected. However, 
they can be restrictive for some technical users who need 
to carry out unusual tasks. 


Within a GUI, form controls can be used. These include 
labels, text boxes, tick boxes, option buttons, drop-down 
boxes and buttons. 


An area of the screen devoted 
to a specific task, for example a 
software application, a file within 
a software application or a print 
dialog box. 


An image that is used to represent 
a program, file or task. The icon 
can be selected to open the 
program, file or task. 


Menus are words on the screen 
which represent a list of options 
that can be expanded into further 
sub-menus. 


This is the method of representing 
movement from a pointing device 
such as a mouse or the human 
finger on a touch screen. The 
pointer is also used to select and 
manipulate objects on the screen. 


Table 2.4: Graphical user interface elements. 
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Labels | Labels are used as prompts or instructions to enter data. They 
are text and cannot be edited by the user. 


Figure 2.18: Label. 


Text boxes are an area where the user can enter text such 

as their surname or credit card number. Errors can easily be 
made by the user when entering data into a text box, such as 
spelling things incorrectly. 


Figure 2.19: Textó box. 


Tick boxes (also known as check boxes) allow the user to 


select from a set of options. The user can choose as many 
options that apply. For example, when printing, a user can 
choose to collate documents and to print on both sides. 


Figure 2.20: Tick box. 


Option buttons (also known as radio buttons) differ from tick 
boxes in that only one option in a group can be selected at 
once. 


Figure 2.21: Option button. 


Drop-down boxes allow a user to select from a list that 

appears when the drop-down box appears on screen. Only Mette’ __=j 
one option can be chosen. The user can usually start typing List item 2 
the option so that it is found more quickly. Drop-down boxes 
are more appropriate than option buttons when there are a 
large number of options to choose from, as the drop-down 


box doesn’t take up as much space on the screen. 


List item 4 + 


Figure 2.22: Drop-down box. 


Buttons | Buttons can be used to navigate through an interface 
(forwards and backwards), to confirm that inputs have been 
completed, to clear inputs, to gain help and to access any 
other area of an interface. Figure 2.23: Confirm button. 


Confirm 


Table 2.5: Form controls. 
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Dialogue interface 


A dialogue interface refers to using the spoken word to 
communicate with a computer system. A user can give 
commands using their voice and the computer system 
can respond by carrying out an action or with further 
information using a synthesised voice. 


Dialogue interfaces are very popular with mobile 
devices, including mobile phones and in-car 
entertainment systems. Some cars will accept commands 
such as “Temperature 20’ or ‘Call John Smith at home’. 
Mobile phones will accept commands and questions 
such as ‘What is the time in Islamabad? or ‘Give me 
directions to get home’. Some automated telephone 
systems will recognise voice, too, so that the user doesn’t 
have to use the dial pad to input information. 


A big advantage of dialogue interfaces is that no hands 
are required, which makes them suitable for use in cars 
or when holding a telephone. In many circumstances, 
words can be spoken by a user more quickly than a user 
can type them. There is no need for a physical interface 
with dialogue interfaces, so they are suitable for systems 
such as home automation where voice commands can 
be given from anywhere to control equipment such 

as lights, entertainment systems and curtains. With 
entertainment systems such as televisions, the user does 
not have to find a remote control to use and anybody in 
the room can give the command to increase the volume 
or change the channel. 


The main problem with this type of interface is the 
computer system’s ability to recognise the spoken word. 
Many things can make it difficult for the computer 

to understand, including accents, different voices, 
stammers and background noise (for example, a car’s 
engine). Dialogue interfaces also require the user to 
know what commands are understood by the computer 
system as otherwise the system will not know how to 
respond. Some dialogue interfaces will give prompts 
telling the user from which options they can choose. 
Systems are not intelligent enough to simply understand 
requests in any format that the user chooses. 


Gesture based interface 


Gesture-based interfaces will recognise human motion. 
This could include tracking eyes and lips, identifying 
hand signals or monitoring whole body movement. 


There are many applications of gesture-based interfaces, 
including gaming, which have led to the development of 
other gesiure-based interfaces. The original Nintendo 
Wii® enabled gamers to move their hands while holding 
a remote controller and that movement would be 
mimicked in games such as ten pin bowling and boxing. 
Microsoft’s Xbox® took this a stage further and was 
able to track whole body movement without any devices 
being held or worn by the user. This enabled gamers 

to fully engage with a game using their whole body, 

so boxing could now become kick-boxing and ten pin 
bowling could include a run-up. 


Many computer systems, including mobile devices, 
are now starting to accept hand gestures as a way of 
controlling objects on screen. For example, a swipe of 
the hand across a screen may close a program, while 
pinching fingers together in front of a screen may 
zoom out on an image. This can avoid greasy screens 
and could help with infection control in hospitals, 
specifically in operating theatres. 


Gestures can be an essential form of interaction for 
some disabled users who cannot use conventional input 
devices. A person who has no control from the neck 
downwards could control a computer system with their 
eyes because the computer can track the movement 

of each eye. 


One of the biggest problems with gesture interfaces is 
accuracy. In order for a gesture interface to be effective, 
it needs to interpret the movements made by the human 
user accurately. Tracking individual fingers, arms, 
eyeballs and legs requires highly accurate cameras or 
sensors. This is why many virtual reality applications 
still use sensors attached to various parts of the body in 
order to improve accuracy. It can also be very difficult to 
control a pointer when a finger is in mid-air rather than 
when firmly fixed to a touch screen or holding a mouse. 


Questions 
13 Give two reasons why a CLI might be used 

instead of a GUI. [2] 
14 Give two disadvantages of a CLI. [2] 
15 Define the term WIMP. [1] 


16 Explain two advantages of dialogue interfaces. [2] 
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A local council uses a mainframe computer to host its databases and web-enabled applications. 


1 a State one measurement of processor speed used for mainframe computers or supercomputers. 
b Explain the importance of reliability, availability and serviceability for mainframe computers. 


Geraldine in the accounts department has been issued with a new printer. 


2 Explain why Nadia needs a device driver for her printer. 


Nadia has discovered that her laptop computer is running slower than usual. The IT Support 
team have run disk defragmentation software which has identified her hard disk is 70% fragmented. 


3 a Explain how data is stored on a hard disk. 
b Explain how the data on Nadia’s hard disk may have become fragmented. 


The council needs some new software for waste management that will link in with their website 
where residents can log problems such as missed collections. 


4 Evaluate the use of a custom-written software solution for this purpose. 
The waste management software will use a Graphical User Interface (GUI). 


5 a Identity and describe three different form controls that could be used in the GUI, giving 
examples of how they could be used. 


b identify two other types of user interface. 
The development team will use an interpreter for iesting during development of the software 


and a compiler to translate the final version ot the software to machine code for the council. 


6 Describe two differences between a compiler and an interpreter. 


SUMMARY CHECKLIST © 


[1] 
[6] 
[Total 7] 


[2] 


[4] 
[4] 
[Total 8] 


[6] 


[6] 
[2] 
[Total 8] 


[4] 


I can describe the characteristics of mainframe computers and supercomputers. 


I can give examples or the use of mainframe computers and supercomputers. 


I can explain tne advantages and disadvantages of mainframe computers and supercomputers. 


I can describe types of system software and how they are used. 


I cen explain the advantages and disadvantages of system software. 


I can understand the need for utility software. 


J can describe types of utility software and how they are used. 


| 4 


I can explain the advantages and disadvantages of utility software. 


I can describe the uses of customer written software and off-the-shelf software. 


I can explain the advantages and visadvantages of custom written and off-the-shelf software. 


I can describe different types or user interfaces and their uses. 


I can explain the advantages and disadvantages of different types of user ivte rraces. 
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Monitoring: 


LEARNING INTENTIONS 


“contro 


© 
© 
Qs 


By the end of this chapter, you will be able to: 


recognise a range of sensors and understand how they are used in snonitoring systems 

know what is meant by calibration and understand why sensors are calibrated 

recognise a range of sensors and actuators and understana now they are used in control systems 
write an algorithm to represent the process involved in a control system 

draw a flowchart to represent the process involvec in a control system 


explain the advantages and disadvantages ot different control technologies. 
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BEFORE YOU STAR} 


e Do you know that a sensor is a type of input device? 


e Do you know that a monitoring system is different from a control system? 


e Do you know the difference between analogue data and digital data? 


Introduction 


You use monitoring systems and control systems every 1 
day. They are an important part of your life. These 

systems help with tasks such as keeping the temperature 

of your fridge at the correct levei. They also help 2 
keep you safe in workplaces that may be dangerous. 

A monitoring system could collect data about the 

temperature in your loca! area so this can be reported. 

A control system could help keep a chemical factory 3 
worker safe as it will make sure that the production 

process is working correctly, so that the worker is not 

exposed to chemicals for a dangerous amount of time. 


monitoring system: a system that observes and 
often records the activities in a process 


control system: a system that manages o! 
regulates a process by physically changing aspects 
of the system depending on collected data 


It is important for you to learn how these important 
systems operate and how they help many aspects of 
daily life. 


3.1 Sensors 


A sensor is a type of input device. It is used to collect 
data about a physical environment automatically. 

This removes the need for a human to collect the daia 
manually. The data collected from a sensor is input into 
a system and any necessary action required is taken. 


There are several advantages of using sensors to 
collect data. 


Data can be repeatedly collected 24 hours a day. 
This means that a human does not need to be 
present all the time and can rest. 


Data can be coiiecied in harmful and dangerous 
environments, without the need for a human to be 
present. This means that the lives of humans are 
not endangered to collect the data. 


A sensor may be more consistent in the data that it 
samples as it is a mechanical device. It is therefore 
likely to be accurate. A human may be inconsistent 
and this could lead to errors in data samples. 


Figure 3.1: Collecting data 


sensor: an input device that coilects data from 
the surrounding physical environment 


If you look at the environment around you, you will see 
that it has many different elements to it. 
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Question 


1 What kind of things can you see, hear and feel in 
your environment’ 


When answering Question 1, you may have noticed 
things such as: 


e the temperature e the level of light 


e the level of sound e movement. 


There are also many more things that are changeable 
about the environment, such as: 


e moisture 
e electromagnetic fields 
e pressure. 


If you attempted to create a sensor to collect data about 
all these different aspects of ihe environment, it would 
probably need to be quite large. When you are trying 

to collect data, it is important that the sensor is quite 
small so that it can ft into convenient places. There are 
different sensors that collect data about different aspects 


of the environment. There are sensors for: 
e  light/UV e infrared 


e iemperature e touch 


e pressure electromagnetic field 


e humidity e proximity. 
e sound 
Question 


2 It may be obvious what some of the sensors collect 
data about, for example, light and sound. What 
sort of data do you think some of the less obvious 
sensors collect, for example: 


e infrared 
e —_ electromagnetic field 
e touch 


e proximity? 


You have learnt that there are advantages to using 
sensors, but there can also be disadvantages too. The 
biggest disadvantage is that a sensor can be subject to 
wear and tear and may become faulty. This might make 
it start to provide incorrect readings. This could be 
detrimental to the whole system. 


Question 
3 a Think of two situations where a sensor may 


start to provide incorrect readings. 
b What detrimental effect could this have? 


For this reason, sensors can be regularly put through a 
process of calibration, to make sure the readings they 
take are accurate. 


3.2 Calibration 


An inaccurate set of data is useless. It could also be very 
dangerous if the data is used in a control system that 
takes vital action based upon the data. To make sure 
that the data collected by a sensor is accurate it can be 
put through a process of calibration. No sensor will be 
absolutely perfect, but it is important to make sure that 
the reacings that are taken are as accurate as possible. 


calibration: the process of testing and modifying 


a device to make sure that it is taking the 
correct readings 


To calibrate a sensor, you need a calibration reference. 
This is a standard that you can calibrate against. A 
simple method of calibration is to test readings against 
another sensor that you know is calibrated, to see if the 
same readings are produced by both sensors. Another 
way to calibrate a sensor is by using another physical 
reference. For example, a ruler or measuring tape could 
be used to find out if an item that should trigger the 
proximity sensor does so from the correct distance set. 


Each sensor has a characteristic curve. This curve maps 
the sensor’s response in comparison to an ideal response. 
There are three main categories of result that can be 
given by a sensor. These are: 


e Offset — this means that the readings are higher or 
lower than the ideal reference 


e Sensitivity — this means that the readings change 
over a range at a different rate to the ideal reference 


e Linearity — this means that the readings are directly 
proportional to the ideal reference. 
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offset 
ideal reference 


Figure 3.2: Offset. 
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Figure 3.3: Sensitivity. 


Actual value 


Displayed value 


Figure 3.4: Linearity. 


There are three different types of calibration that can be 
used for a sensor. These are: 


e = one point calibration 
e two point calibration 
e multipoint calibration. 


One point calibration is the simplest form of calibration. 
It can be used to correct an offset calibration curve. 

This is because the sensor is reading partly correct, as 

it is changing at the same rate, but it is just consistently 
measuring too high or too low. The sensor can be 
calibrated based on a single reading to be brought closer 
to the ideal reference. 


There are different methods for performing a one point 
calibration check depending on the sensor. One simple 
method could be: 


1 Take a reading with the sensor. 
2 Compare the reading with a device measuring at 
he ideal standard. 
3 Subtract the reading from the reference to get 
the offset. 


4 Add the offset to every reading to get the 
calibrated value. 


For example, if a thermometer tells you the 
temperature of a room is 22 °C, but the reading from 
your sensor tells you that the room is 20.5 °C, the 
calculation would be: 


22 — 20.5 = 1.5 


This means the offset that needs to be added to each 
reading from the sensor is 1.5. 


SS 


Figure 3.5: Calibration curve. 
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3 Monitoring and control 


Two point calibration can be used to correct a data 
set suffering both offset and sensitivity. It rescales 
the output to do this. Ti can often be a more accurate 
method of calibration than one point calibration. 


There are different methods, to perform a two point 
calibration check depending on the sensor. One 
method could be: 


1 ‘Take two different readings with your sensor. Jt 
works best if you take a reading at the lower end 
of the scale and a reading at the higher end of 
the scale. 


2 Compare the readings to readings from a device 
measuring at the ideal standard. 


3 Calculate the range value for the sensor readings by 
subtracting the low reading from the high reading. 


4 Calculate the range value for the ideal standard by 
subtracting the low reading from the high reading. 


5 Usea formula to calculate the correct value for 
each reading such as: 


6 CorrectValue = (((SensorCurrent Value — 
SensorLow Value) * IdealRangeValue) / 
SensorRangeValue) + IdealLowValue. 


For example, if a temperature sensor measures the 
temperature of an iced water bucket as 0.75 °C and 

a boiling kettle as 98 °C, you can use this two point 
calibration method to get a correct reading for the 
temperature sensor. You can use a current reading from 


4 


the sensor of 37 °C. You can use a set of common ideal 
standard readings for iced water (0.01 °C) and boiling 
water (100 °C). 


SensorRangeValue = 97.25 
IdealRangeValue = 99.99 


CorrectValue = (((37 — 0.75) * 99.99) / 97.25) + 0.01 
= 37.28 (2dp) 


This means that the correct value for the sensor reading 
of 37°C is 37.28 °C. 


Multipoint calibration is similar to the other calibration 
methods but is performed using many different readings, 
at least three. This further increases the accuracy of 

the calibration and can help calibrate sensors that 
would produce readings that do not naturally form a 
linear line. 


When a sensor has collected the data, this data will be 
sent to 2 computer system. What happens to the data 
at this stage will depend on whether the system is a 
monitoring system or a control system. 


3.3 Monitoring systems 


A monitoring system is designed to collect the data and 
then store it so that it can be used at a later stage. For 
example, data may be collected about the temperature in 
a garden over a period of 24 hours, for a week. The data 
could then be analysed ai a later stage to see which day 
was the warmest and what time of the day the warmest 
temperature was recorded. 


The main technologies used in a monitoring system are 
sensors. Other technologies that may be used are storage 
devices to store the data collected. Graphing software 
could also be used to create visual representation of the 
data to make it easier to interpret. 


An example of this type of system could be a 
monitoring system for the level of chlorine in the water 
of a swimming pool: 


e apH sensor is placed in the swimming pool 


e the pH sensor takes readings at regular intervals, 
such as every minute 


e the readings are sent to a storage device 


e the readings are put inio a graph by the manager 
so that she can see the level of chlorine in the water 
throughout the day. 
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Figure 3.7: Monitoring chlorine levels. 


A real-world example of a 
monitoring system — weather 
stations 


Weather stations use many monitoring systems to 
provide everyone with daily information about the 
weather in their area, and all over the world. On an 
individual level, this daily information is important in 
knowing how to plan your day: how you should dress 
or how it will affect your activities. On a wider scale, 
industries such as the farming industry heavily depend 
on weather reports to make sure they task the right 
actions for their crops. 


A weather station uses lots of temperature sensors that 
are spread across a region or country. These temperature 
sensors take data samples of the ambient temperature in 
that area. The data sampies are sent back to the weather 
station. This data can then be used in many ways, for 
example, to report the current temperature. The weather 
station could also analyse lots of samples of data and 
predict what the weather may be in the future. 


A weather station may also use pressure sensors, 
humidity sensors and light sensors. 


Research how a weather station makes use of 


sensors. Draw an infographic, using the software 
of your choice, to inform your classmates how a 
weather station makes use of different sensors. 


Question 


4 A textile factory is about to open. The factory is 
near a river. The local authority is worried that 
chemicals used to colour the textiles may leak into 
the nearby river. They decide to set up a monitoring 
system to check ihe pH level of the river at regular 
intervals. Explain what sensors could be used and 
how they couid be used in this system. 


3.4 Control systems 


A control system is designed to collect data and then 
send this to a computer system so that it can be analysed 
(and any resulting action taken). 


The main technologies used in a monitoring system are 
sensors, microprocessors and sometimes actuators. You 
have looked at the different kind of sensors that can be 
used and what the advantages and disadvantages are of 
using sensors. You also need to understand the use of 
microprocessors and actuators, and the advantages and 
disadvantages of each. 
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3 Monitoring and control 


A microprocessor is an electronic component that An actuator is used to move and operate other different 
can perform similar functions to a central processing mechanisms or devices. Actuators can be based on 

unit (CPU). It can process instructions and perform different methods of operation such as hydraulic, 
mathematical comparisons and calculations. pneumatic or electric. Actuators could control 
Microprocessors also have small areas to hold data operations such as opening and closing a valve, turning 
called registers. Microprocessors are normally a single a switch on and off or driving a mechanism to open 
integrated circuit. a door. They can also be used to drive each of the 


individual parts in a robot. 


actuator: a type of motor that is used to move 
and operate another mechanism or device 


microprocessor: an integrated circuit that is used 
| in monitoring and control systems 


An actuator is vital in a control system because it is the 
element that drives the action to be performed to control 
the element of the environment that is at the focus. 


Figure 3.9: Microprocessor. 


There are both advantages and disadvantages to using a 
microprocessor in control systems. Figure 3.10: Robot arm. 


There are both advantages and disadvantages to using 


actuators in control systems. 
They can be There is a limit on the 


programmed to execute | size of the data they are 


several different tasks. able to handle. - - 
Hydraulic and electric 


They are small in size so | They are only small in actuators are fairly quiet. 


can be easily built into size and can overheat 
different technologies. if too much demand is 
placed on them. 


The cost of pneumatic | The cost of hydraulic 
actuators is relatively and electric actuators is 


low. relatively high. 
They are relatively 
fast at moving data 
between different 
memory locations. 


Most actuators have Fluid leaks can be a 
moderate to high speed | problem in hydraulic 
abilities to perform an actuators. 

action. 


Table 3.1: Advantages and disadvantages of microprocessors. Table 3.2: Advantages and disadvantages of actuators. 
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Sensors, microprocessors and actuators are programmed 6 If the data sample is greater than 22 degrees, 
to interact with each other to create a control system. the microprocessor sends a signal to an 
actuator, triggering the system to increase the 


There are several stages in the process of a . : 
cooling function. 


control system. 
7 If the data sample is less than 22 degrees, the 


microprocessor sends a signal to an actuator to 
trigger the system to increase the heating function. 


1 The sensor collects the data at set-time intervals, for 
example once every minute. 


2 The data is sent to a microprocessor. 8 Ifthe data sample is equal to 22 degrees, no 
3 ‘The microprocessor will analyse the data. This action is taken. 
could involve comparing it to a pre-stored value, or 9 The whole process is then repeated at a set time 


range of values. interval, for example, once every minute. 


4 Ifthe data does not match the pre-stored value, the 
microprocessor will send a signal to an actuator 
or device. 


This list represents an algorithm, which is a set of 
instructions or steps to be followed to achieve a certain 
outcome, for this example of a control system. 


5 The actuator or device wil! trigger any action that 
needs to be taken. 


An example of this type of system could be an air- 


eonoitioning system algorithm: a set of instructions or steps to be 


foliowed to achieve a certain outcome 


This system could also be represented as a flowchart: 


User sets temperature 
for room 


| 


Temperature 
is stored 


ASR 


fs Temperature sensor / 


/ collects data sample 


| 


Data sample is analysed 
by microprocessor 


Figure 3.11: Air conditioning. 


1 The user sets the temperature to 22 degrees Celsius. 
2 This value is stored. 


3 A temperature sensor collects data about the 
ambient temperature in the room. 

4. The data collected by the sensor is sent to the 
microprocessor. The data is converted from 
analogue to digital. 


š Microprocessor sends Microprocessor sends 
5 The mıcroprocessor analyses each data sample signal to actuator that triggers signal to actuator that triggers 
sent to see if it is equal to the stored value of cooling function | heating function 


22 degrees Celsius. 
Figure 3.12: Temperature control flowchart. 
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3 Monitoring and control 


A real-world example of a 
control system — growing 
crops 


A farm that grows fruit and vegetables makes use of 
many different control systems. It relies on these systems 
to make sure that the produce it grows are kept in the 
correct conditions to make sure that they do grow. 

It would be a huge task for a farmer to constantly 

check his produce, so he relies on these systems to do 
this for him. 


One control system that he could use is to control the 
conditions within his greenhouses. The correct level 

of light and temperature will need to be maintained. 
The control systems will incorporate light sensors, 
temperature sensors, microprocessors and actuators to 
maintain the correct conditions. The farmer wants to 
make sure the temperature is between 22 °C and 25 °C. 


1 The control system uses a temperature sensor to 
read the teroperature within the greenhouse on a 
regular basis. 


2 The readings are sent to a microprocessor. They 
will need to be converted from analogue data to 
digital data to be processed by the microprocessor. 


3 The microprocessor compares the reading to the 
set range. 


4 Ifthe reading is within the range, no further 
action is taken. 


5 If the reading is greater than 25 °C, the 
microprocessor sends a signal to an actuator that 
could drive an action, such as open a window to the 
greenhouse. 


6 Ifthe reading is less than 22 °C, the microprocessor 
sends a signal to an actuator that could drive an 
action, such as turn on a heater in the greenhouse. 


7 The whole process is repeated. 


Question 


5 a Draw a flowchart to demonstrate how this 


environment control system wil! operate. 


b The control is missing two vitai processes, can 
you identify what they are? 


Figure 3.13: Environment control. 


PRACTICAL ACTIVITY 3.02 


Discuss with a partner how the control system 
might work to control the correct level of light. 


A real-world example of a 
control system — protecting 
against intruders 


A jewelery store uses three main control systems to keep 
the jeweilery they sell safe and secure. These systems are 

vital to the security of the jewellery and the store heavily 
relies on them. 


Their first security control system detects if an intruder 
enters the store through a door or window. Infrared 
beams of light are run across each doorway and 
window. If one of these beams is broken, an alarm will 
sound and metal bars will close every door and window, 
trapping the intruder inside the room. 


Question 


6 Write an algorithm to demonstrate how this entry 
detection control system will operate. 
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Their second security control system detects if a window 
is broken by an intruder trying to enter. The sound of 
any breaking glass is measured. If the sound of breaking 
glass is detected, the alarm will sound again. 


Question 


7 Draw a flowchart to demonstrate how this broken 
glass detection control system will operate. 


REFLECTION 


Look at your flowchart. Can you see any way that 
you can improve it? Is it easy to foliow? Have you 
used the correct symbols? 


The jewellers third security control system detects if any 
of the jewellery glass cabinets are opened by an intruder. 
The weight of the glass for each cabinet is 5 kg. If any 
of the glass is lifted up the alarm will sound and the 
bars will close every door and window. 


Question 


8 Either write and algorithm or draw a flowchart to 
demonstrate how this glass cabinet control system 
will operate. 


How did you work out which sensors would be 


used in each system? 


EXAM STYURSUESTIONS a 


Define the role of a sensor. 
Define the role of a microprocessor. 
Define the role of an actuator. 


N QQ of WD = 


[1] 
[1] 
[1] 


Describe how a sensor is calibrated using two point calibration. [3] 
State two advantages of using a microprocessor in a control system. [2] 
Explain the difference between a monitoring system and a control system. [4] 


Describe how a control system using touch sensors can be used to make sure the level of cooling liquid 
in a nuclear power plant is maintained at a certain level. 


[5] 


8 Draw a flowchart to represent a control system with the following requirements: 


e A proximity sensor is used in a mobile phone. 


e The proximity seusor measures the immediate environment, using infrared (IR), to see if it is close to 


a human ear. 


e If an IR level of 12 micron is detected, the screen on the mobile turns off. The screen will 
immediately turn back on again when the IR level reduces. [6] 


SUMMARY CHECKLIST © 


I can draw a flowchart to represent a control system. 


I can write an algorithm to ʻepresent a control system. 


I can identify a variety of different sensors and explain how they are used in monitoring systems. 
I can identify a variety of different sensois and actuators and explain how they are used in control systems. 


I can explain how sensors are calivrated, using different types of calibration. 


I can explain at least iwo different advantages and disadvantages of control technologies. 
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By the end of this chapter, you will be able to: 
edit a given algorithm 
write an algorithm using pseudocode to solve a given problem 
edit a given flowchart 


draw a flowchart to solve a given problem. 
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Do you have experience of following instructions and creating sequences of instructions for someone to 


follow? 


Do you have any experience of block programming in languages such as Scratch, or of controlling a 


turtle on screen such as through Logo? 


Introduction 


In this chapter you will learn how to develop algorithms 
to solve problems in a form that a computer could 
follow. All computer programs are simply a series of 
algorithms that are written in a specific way that the 
computer’s processor can then foilow one at a time. 


4.1 Algorithms 

An algorithm is a series of steps that are followed. 

You follow lots of algorithms without even realising 

it, for example, following a recipe or following a list of 
instructions. These are both examples of algorithms. 
Before you write algorithms on a computer, you can 
design them using a flowchart and/or using pseudocode. 
Pseudocode simply means there is no specific syntax that 
you have to use. It doesn’t have to follow a sei format, 
but it is more structured than English sentences. 


flowchart: a set of symbols put together with 
commands that are followed to solve a problem 


pseudocode: a !anguage that is used to display 
an algorithm 


A simple form of an algorithm is a series of steps to 
move someone (or something) through a maze. The 
instructions you can use are: 

FD5 Move forward 5 spaces 

BK2 Move backward 2 spaces 

RT90 Turn right 90 degrees 

LT90 Turn left 90 degrees 


You start in the space labelled ‘Start’ in this maze, facing 
to the right. 


Figure 4.1: Maze 1, start. 


To get to ‘Finish’ you would need to follow these steps: 


Step 1: FD7 Step 5: FD2 
Step 2: RT90 Step 6: RT90 
Step 3: FD6 Step 7: FDI 


Step 4: LT90 


WORKED E a 


You are on Start, facing to the right. 


Write an algorithm to move from Start to Finish. 


Figure 4.2: Maze 2, start. 
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4 Algorithms and flowcharts 


You are facing to the right so need to count how many 
grey spaces there are until you need to turn. There are 


4 spaces, so the command is: 


FD4 


Figure 4.3: Maze 2, FD4. 


You need to turn so you are facing up, this means 
turning to the ieft, 90 degrees. The command is 


LT90 
How many spaces forward? 2 
FD2 


Finish 


Start 


Figure 4.4: Maze 2, FD4, LT90, FD2. 


You need to face to the right again, so: 
RT90 

To the next turn is 3 spaces: 
FD3 


Figure 4.5: Maze 2, FD4, LT90, FD2, RT90, FD3. 


You need to face up, so you are turning left again: 
LT90 

Now you need to move forward 5 spaces: 
FD5 


Figure 4.6: Maze 2, FD4, LT90, FD2, RT90, FD3, LT90, FD5. 
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To get to the Finish you need to turn left: 
LT90 

Then move forward 7 spaces: 
FD7 


Figure 4.7: Maze 2, tinish. 


Together. the algorithm becomes: 
FD4, LY90, FD2, RT90, FD3, LT90, FD5, LT90, FD7 


Questions 


1 What is meant by an algorithm? 
2 How can an algorithm be represented? 


PRACTICAL ACTIVITY 4.0 


Write an algorithm to move from Start to Finish 
in this maze: 


Finisi 


Figure 4.8: Maze 3, Start. 


4.2 Fiowcharts and 
pseudocode 


A flowchart is a diagram that uses specific shapes and 
arrows to produce an algorithm that someone can 
then follow. 


Pseudocode does not use symbols, but structured 
statements. There is no specific syntax (rules) that it 
must follow, but it should use key words (as in the flow 
diagrams) such as INPUT, OUTPUT, and so on. 


Flowchart structure 


There are set symbols throughout a flowchart. You will 
be introduced to these in each section. Every flowchart 
begins and ends with a terminator box (a Start box at 
the beginning and a Stop box at the end). 


Start 


Figure 4.9: Start/Stop box. 


The arrow is the flow line. When following a flowchart 
you follow the arrows. Algorithms don’t go straight 
from start to stop. They also need input, output, 
processes, decisions and loops. 


input: putting data into an algorithm 


output: displaying data from an algorithm 
to the user 


process: an action performed to some data to 
make a change 


decision: a comparison is used to decide if code 
is run, or not 


loop: code that is repeated 
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Input and output 


Algorithms often need to output messages (such as text) 
to the screen, and therefore to the user. They may also 
need to take in data from the user, for example from 

the keyboard. 


variabie: a space in the memory of a computer, 
that has an identifier where you can store data; 
this data can be changed 


identifier: the name given to a variable, 
Flowcharts subroutine or function 


If you want the algorithm to output something to the concatenate: to join two strings together 
user, for example a word, a sentence or a number, then 
you will need an output box. 


Here’s the symbol for inputting a value into myNumber. 


; OUTPUT i 
/ INPUT myNumber / 
/ 


Figure 4.10: Output box. 


Figure 4.13: Input box with identifier. 


After the word OUTPUT you put the text you want 


to display. If you want to output "Hello World", Put these together with the Start and Stop to create a 
you use this, flowchart. 


/ OUTPUT "Hello World" f 


Figure 4.11: Output box with text. 


OUTPUT "Hello World" 


Notice how the words being output are in speech 
marks. This is because you want those actual words 

output, without them “Hello” could be a variable, or a / INPUT al / 
command word. 


If you want to input (or read) data from the user into Stop 
the algorithm, you use an input box. n 


/ INPUT 


Figure 4.12: Input box. 


] Figure 4.14: Flowchart "Hello World". 


Once you have a variable, you can output this by 
using its name. 


When data is input into an algorithm it needs to be 
iay ‘ Z OUTPUT myNumber 
stored somewhere. This is done using a variable. A 
variabile is a name (identifier) that is given to a space in a 
computer’s memory that stores a value. Think of it like Figure 4.15: Output box with identifier. 
a box, with a name. You could call the box myMumber. 
You can then put data into myNumber. You can get data You might want to output a variable and some text. You 
out of myNumber, and so on. can combine them by using an ampersand (&). This is to 


concatenate (join) the values together. For example, 


Nn E] 
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T 
/ OUTPUT "My number h 


is" & myNumber f 


Figure 4.16: Output box with concatenation. 


Pseudocode 


An output in pseudocode can use a command word such 
as OUTPUT, WRITE or PRINT, for example, 


OUTPUT "Hello World" 


The words "Hello World" are a string as in the 
flowcharts, so are still in speech marks. There are many 
different words that you can use to output data, but they 
all perform the task, for example all of these have the 
same result. 


OUTPUT "Hello" 
WRITE "Hello" 
PRINT "Hello" 


An input in pseudocode can use a command word such 
as INPUT. As with the flowcharts, this will need to be 
stored somewhere such as in a variable, for example, 


num = INPUT 


or you could combine the input and output, for exainple, 


num = INPUT("Enter a number") 


WORKED EXAMPLE 4.02 


An algorithm needs to ask a user to enter their 
name. It should take their name as an input and then 
welcome them by name, for example, "Welcome 
Sasha". 


Draw a flowchart for tlie algorithm. 


Start by identifying the steps required. 


Step 1: Ask them to enter their name. 
Step 2: Take their name as input. 
Step 3: Welcome them by their name. 


Then identify what type of symbols these steps need. 
Step 1: Ask them to enter their name. 


Output 


Step 2: Take their name as input. 
Input and store in variable 
Step 3: Welcome them by their name. 


Output including variable 


Draw the flowchart following the steps identified. 


OUTPUT "Enter 
your name" 


/ iNPUT name 


a 


OUTPUT "Welcome" 
& name 


Figure 4.17: Flowchart-"Welcome". 


WORKERYBKAMPLE 4.03 


Convert the flowchart into pseudocode. 


Take each statement from within the flowchart and 
write it on its own line. 


OUTPUT "Enter your name" 


INPUT name 


OUTPUT "Welcome" & name 


Questions 
3 Identify the symbol ior Start and Stop ina 
flowchart. 


4 Describe the stages in this flowchart. 
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Co) There are different types of processes. 
Start 
Table 4.1 shows the different mathematical processes 


that be performed. 


OUTPUT "Enter 
a number" 


C fiene fr e 


Power of myNumber = 10 ^ 3 
10 1 


/ INPUT number 


Modulus MOD 3 = 
division (gives 
the remainder) |20 


OUTPUT "Your 
number is" & 
number 


j Integer 

| division (gives 
the whole 
number) 


Table 4.1: Mathematical (arithmetic) operators. 


Convert the flowchart in Question 4 into 


modulus division: when the remainder is given 
pseudocode. 


from a division 


An algorithm needs to take a word as an 
input, and then output the same word. 


integer division: where only the whole number is 
given from a division 


Draw a flowchart for this algorithm. 


An algorithm needs to tell a joke. It should £ 
output the joke, and iet the user give an Flowcharts 
answer, before outputting the actual answer. Processes are in rectangular boxes. 


Create a pseudocode algorithm for the 
probiem. 


Process 


Processes Figure 4.19: Process box. 
A process is an action that is performed. In a program 

it usually means that a change is being made to 

something. If you have a number stored in a variable, 

you could change this; you might add something to it, 

or subtract from it. 
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The mathematical calculations can make use of 
numbers, and/or variables. For example, 


myNumber = 10 + 3 myNumber now stores 13 


myNumber = myNumber + 3 myNumber now Stores 16 
(it already had 13 in and 
now has another 3) 
myNumber = myNumber 
+ myNumber 


myNumber now stores 
32 (it already had 16 in 
it, and it was added to 
itself, so 16 + 16 = 32) 


Putting a value into a variable is called assigiument. 


assignment: giving a variable a value 


In this process box two numbers are multiplied together 
and stored in a variable. 


newNumber = 3 * 8 


Figure 4.20: Assignment in process box. 


Follow this flowchart. What does it do? 


OUTPUT "Enter a / 
number" / 


` i 


answer = num1 / num2 


INPUT num2 


INPUT num1 


< 
OUTPUT "The result 
is" & answer / 
| 
an 
$ ( Stop ) 


Figure 4.21: Flowchart-Arithmetic calculation. 


OUTPUT "Enter a 
/ second number" 


Notice that a aew symbol has been introduced here, a 
circle with a letter inside. This is a connector symbol. 
Sometimes, if a flowchart is long, then it is convenient 
to split it into smaller portions (perhaps to show it all 
on one page). The connector letter shows where the 
flowchart continues. 


The algorithm takes in two numbers (num1 and num2), 
divides num1 by num2 and stores the result in answer. 
It then outputs the message "The result is" and the 
value in answer. 


Pseudocode 


Processes use the same structure as in a flowchart, but 
without the box. Therefore this: 


newNumber = 3 * 8 


Figure 4.22: Assignment in process box. 


would become this: 


newNumber = 3 * 8 


WORKED EXAMPLE 4.04 


A program needs to ask a person’s age, then tell them 
how old they will be in 50 years. 


Draw a flowchart for the algorithm. 


Start by identifying the steps required. 


Step 1: Ask them to enter their age. 
Step 2: Take the age as input. 

Step 3: Add 50 to their age. 

Step 4: Output the new age. 


Identify what type of symbols these steps need; 
Step 1: Ask them to enter their age. 
Output 
Step 2: Take the age as input. 

Input and store in a variable 
Step 3: Add 50 to their age. 

Add 50 to ihe variable and store the result 
Step 4: Output their new age. 

Output variable 


ae 
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OUTPUT "Enter 
your age" 
INPUT age 


| 


newAge = age + 50 


| 


OUTPUT "In 50 
years you will be" / 
& newAge Í 


Figure 4.23: Flowchart-New age calculator. 


aah e S. SS 


WORKED EXAMPLE 4.05 O 


Convert the flowchart into pseudocode. 

Take each line and write it on a separate line. 

OUTPUT "Enter you age' 

INPUT age 

newAge = age + 50 

OUTPUT "In 50 years your will be" & newAge 


Questions 

5 What is a process? 

6 What action does the operator ^ process? 
7 Write a statement to multiply 3 by 7. 

8 Describe the stages in this flowchart. 


(ser 5> 
nN 


INPUT num1 


INPUT num2 


total = num1 + num2 


OUTPUT num1 & "+" 
& num2 & "=" total / 
— 


total = num1 — num2 


| 


OUTPUT num1 & "—" 
& num2 & "=" total 


Figure 4.24: Flowchart-Arithmetic calculation. 


PRACTICAL A 


1 Convert the algorithm in Question 8 into 
pseudocode. 
An algorithm needs to take 3 numbers as 
input. Add them together and output the 


result. Then divide the total by the quantity 
of numbers and output the average. 


Draw a flowchart for this algorithm. 


Convert your algorithm from part 2 into 
pseudocode. 


Nn E) 
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Decisions 


A decision is also known as comparison and selection. It 
is a statement that involves a comparison and is either 
true or false. If the result is true, then some code is run, 
if it is false then either different code is run or some 
code is skipped. 


comparison: comparing two items of data 
resulting in true or false 


selection: use of a conditional statement to 
decide a course of action or which section of 
code to run 


A comparison needs two sides of the argument, and 
a comparison symbo!. Table 4.2 shows common 
comparison operators. 


Greater than |10 > 5 istrue 


5 > 10is false 


Less than 10 < 5isfaise 


5 < 10istrue 


Greater than |10 >= 5 is true 


or equal to 
10 >= 10 Is true 


|5 >= 10 is false 


Less thanor |10 <= 5is false 
equa! to 


10 <= 10 is true 


10 is true 


Table 4.2: Comparison operators. 


Either side of the operator can be a number or 
a variable. 


Flowcharts 
Single selection 
The selection must be in the form of a question, for 


example ‘is 10 > 5?’ This is because it has two results: 
true and false. 


The selection flowchart symbol is a diamond. 


Figure 4.25: Selection box 


There are two options from a selection box: True 
and False, or Yes and No. This means selection has 
two arrows (two flow lines), that need to be labelled, 
for example. 


DECISION 


Figure 4.26: Selection box with options. 


Follow this flowchart. What does it do? 


Start 
/ INPUT age / 


OUTPUT "You are old 
enough" 


OUTPUT "You are too 
young" 


Figure 4.27: Flowchart with selection box. 


ea 
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This flowchart starts by the user inputting an age. The 
decision statement asks if age is greater than, or equal 
to, 18. If the result is Yes, then it outputs “You are old 
enough”, if it is No it outputs “You are too young”. 


Multiple selection 


If you have multiple options, then you will need multiple 
decisions. For example, 


Is age < 
10? 


Figure 4.28: Flowchart with multiple selection boxes. 


The first decision is ‘If age is less than 10?’ If it is not, 
then it goes straight to another decision, and asks 
whether age is less than 20. 


Pseudocode 


Selection uses the keyword IF and THEN. ‘The question 

‘Is’ in the flowchart is replaced with Ir, and the ‘?’ with 
THEN. All the code that runs when the condition is true 

goes beneath the IF and this is finished with an ENDIF 
to show where it ends. 


For example, if the value 1m age is more than 18, then 
the output message will be displayed. 
IF age > 18 THEN 

OUTPUT ("You are old enough") 
ENDIF 
An IF statement can have an ELSE. This is what happens 
if the condition is true. For example, if the age is not 
more than 18, then "You are not old enough" wil! be 
displayed. 
IF age > 18 THEN 

OUTPUT("You are old enough") 
ELSE 

OUTPUT("You are not old enough") 
ENDIF 


Multiple conditions 

These can be created using ELSEIF statements. Each 
condition has its own ELSEIF. You can even put an 
ELSE oñ the end in case none of the conditions are 
true. For example, each of the conditions are checked 
in the order they are written. If one of the conditions is 
found to be true, then the code within it runs, and then 
it jumps to the ENDIF; the other conditions after it are 
not checked. 

IF cost >= 100 THEN 

OUTPUT "That is far too expensive" 

ELSEIF cost >= 80 THEN 

OUTPUT "That’s a bit too expensive" 
ELSEIF cost >= 60 THEN 

OUTPUT "That is reasonable" 

ELSEIF cost >= 40 THEN 

OUTPUT "That looks like a good deal" 

ELSE 


OUTPUT "I think that is too cheap" 
ENDIF 


CASE...END CASE 


This is a different selection statement. This is used when 
you are checking the value of one variable and you have 
many different values you want to check it against. 


Pseudocode 


CASE uses the keyword SELECT, followed by the 
identifier of the variable you are checking. Then it has 
the keyword CASE followed by the condition. 


For example, if you are checking if a menu choice is 
1, 2 or 3: 
SELECT menuChoice 

CASE 1: OUTPUT "You chose 1" 

CASE 2: OUTPUT "You chose 2" 

CASE 3: OUTPUT "You chose 3" 


A CASE statement can perform comparisons other than 
equals to, but this time you need to include the variable 
name to make it clear what the comparison is. 


SELECT age 


CASE age < 12: OUTPUT "You can watch PG 
fi ime" 


CASE (age >= 12 and age < 15): OUTPUT "You 
can watch PG and PG12 films" 


CASE (age >= 15 and age < 18): OUTPUT "You 
can watch PG, PG12 and 15 rated films" 


Nn —SCSCSC‘Ciés 


63 Y 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


CASE age >= 18: OUTPUT "You can watch all CASE, Ug": 


films" 
result = valuel - value2 


There is also a default keyword for CASE, the code in 
this will run if none of the conditions have been met. 


CASE "n : 


result = valuel * value2 
SELECT symbol 
CASE "/"; 
CASE "4"; 
result = valuel / value2 


result = valuel + value2 


CASE DEFAULT: 


OUTPUT "Invalid symbol" 


WORKED EXAMPLE 4.06 


An algorithm needs to take two numbers as input, and Step 5: Output the second number if it isn’t. 
output which is the largest. Output second number 


Draw a flowchart for the algorithm. = 
Start by identifying the steps required. ( al 


Step 1: Ask the user to input two numbers. 


OUTPUT "Enter 
two numbers" 


Step2: Input two numbers. 


Step 3: Check if the first number is larger than the 


second. 
Input num1, 
num2 


Step 4: Output the first number if it is. 


Step 5: Output the second number if it isni. 

Identify what type of symbols these steps need. 

Step 1: Ask the user to input two numbers. ef omom f 
Output 

Step2: Input two numbers. Ne 
Input the store in a variable PAY 


Step 3: Check if the first number is larger than the / OUTPUT num2 
second 


If first > second 


Step 4: Output the first number if it is. 
Output first number 


Figure 4.29: Flowchart-Compare two numbers. 
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WORKED EXAMPLE A 


Convert the flowchart into pseudocode. 


Write each line separately. Only one value can be input 


at a time. 
k OUTPUT "Enter 
Replace Is with an IF statement. mark out of 100" 


OUTPUT "Enter two numbers" 

INPUT numi 

INPUT num2 

IF numi > num2 THEN 
OUTPUT numl 

ELSE OUTPUT "Distinction" 
OUTPUT num2 

ENDIF 


Questions 
9 How many arrows must come out of a selection 
symbo! in a flowchart? 
10 Define selection. 
11 Is 956 >= 856? 
12- Is 123 != 123? 
3 Is 55 = 66? 


PRACTICAL ACTIVITY 4.04 


1 Describe the stages in the flowchart opposite. 


2 Convert the flowchart in part 1 into 
pseudocode. 


3 Analgorithm needs to take three numbers 
as input, and output the smallest. 


Loops 


A loop means repetition; doing the same thing several 
times. Its technical term is iteration. 


Draw a flowchart for this algorithm. 


4 Convert your flowchart from part 3 into 
pseudocode. 


5 An algorithm needs to take two numbers 
| as input, then subtract the smallest from 
the largest. iteration: a loop to repeat a section of code 

for a fixed number of times or until a required 


Igorithm for the f : 
Create a pseudocode alg í outcome s achieved 


problem using an IF statement. 


6 Replace the IF statement in task 5 with a 
SELECT CASE statement. 
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Loops are mainly used in two scenarios: 


1 You know how many times you want to repeat the 
code. This might be 10 times, or age times (where 
age is a variable that stores a value). This is a 
count-controiled loop. 

2 You don’t know the number of times, but want 
to keep going until something happens. This is a 
condition-controlled loop. 


count-controlled loop: a loop where you know 
the number of times it will run 


condition-controlled loop: a loop that runs 
based on a condition, not the number of times 
it will run 


Count controlled 
Flowcharts 


This type of loop needs a counter to keep track of the 
number of repetitions you have done (the number of 
loops). The counter will be a variable. Before you stait 
the loop, the counter needs to be set to the starting value 
(usually 0 or 1). Then inside the code that loops, you 
need to increment the counter (this means add | to it). 


| output 
num 


num = num + 1 


Yes 
Stop 


Figure 4.31: Flowchart with counter. 


in this example, the counter variable is num. num is set to 
start at 0. Following the arrows, it keeps increasing by 1 

until num is greater than 5, at which poirt the algorithm 
stops. 


Pseudocode 
A FOR loop is a count-controlled loop. You need to 


know what number to start with, and when you will end. 
The loop increments the number each time through. 


KEY WORDS 


increment: add 1 to something 


FOR loop: a count-controlled loop 


In this example, the variable counter starts at 0 and 
continues until it is 9. 


FOR counter 5-0, tpo 
OUTPUT counter 


NEXT counter 


P, 
Ea RKED EXAMPLE 4.08 


An algorithm needs to ask the user to input the 10 
marks of its students, and then output the average. 


Draw a flowchart for the algorithm. 


Start by identifying the steps required. 


Step 1: Repeat 10 times. 

Step2: Ask the user to input a mark. 

Step 3: Input the mark. 

Step 4: Add the mark to a total. 

Step5: After all the marks are entered, calculate 
the average. 

Step 6: Output the average. 


Identify what type of symbols these steps need. 
Step 1: Repeat 10 times. 


Loop 10 times 


Step 2: Ask the user to input a mark. 
Output 
Step 3: Input the mark. 
Input and store in variable 
Step 4: Add the mark to a total. 
Add input to total 
Step 5: After all marks are entered, calculate the 
average. Total divided by 10 
Step 6: Output the average. 


Outpui 
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OUTPUT "Enter a 


mark" 
INPUT mark j 
average = total / 10 — 
m Y 
r 


| total = total + mark 


OUTPUT average 


count = count + 1 


Figure 4.32: Flowchart-Calculating average. 


WORKED EXAMPLE 4.09 


Convert the flowchart into pseudocode. 


Write each line separately. Replace the count and 
selection with a FoR loop. 


total = 0 
FOR count = 0 TO 10 
OUTPUT "Enter a mark" 
INPUT mark 
total = total + mark 
NEXT count 
average = total / 10 
OUTPUT average 


Questions 


14 What is iteration? 

15 What is a count-controlled loop? 

16 When is it appropriate to use a count- 
controlled loop? 


17 What three elements do you need in a count- 
controlled loop? 


count = 10 


OUTPUT counter 


counter = counter — 1 


ee se 


Figure 4.33: Flowchart with counter. 


2 Convert the flowchart from part 1 into 
pseudocode. 


3 An algorithm needs to output the 12-times 
table using iteration. 


Create a flowchart for the algorithm. 


4 An algorithm needs to ask the user how 
many numbers to output. The algorithm 
should then print out the numbers from 1 to 
that number input. 


Create a pseudocode algorithm for 
the problem. 


Condition controlled 


A condition-controlled loop has the same structure as 

a count-controlled loop, but it doesn’t need a counting 
variable, because something else is controlling it. This 
could be controlled by an input from the user (you could 
loop until it is a valid input), or until a specific number 
is greater than another. 


Flowchart 

The flowchart looks similar to a count controlled due 
to the condition, but it would be missing the variable 
counter and does not run a set number of times. 


a © a C 
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OUTPUT "You are too K 


young" 
d 


OUTPUT "You are 
old enough" 


Figure 4.34: Flowchart with condition-controlled loop 1. 


The following flowchart is an example of a REPEAT 


UNTIL loop. This is a type of condition controlled loop. 


The code inside the loop will always run once because 
the condition is at the end of the code. So the statement 
value = value * 2 repeats until the value is >= 100. 


Y 


value = value * 2 


Y 


Ss 


Is value >= 
1007 


Figure 4.35: Flowchart with condition-controlled loop 2. 


In this example, the loop keeps on going until the number 
in the variable value is greater than or equal to 100. 


Pseudocode 


A WHILE iogp is a condition-controlled loop. It keeps 
looping while the condition is true. 


KEY WORDS 


REPEAT UNTIL loop: a condition-controlled loop 
that runs until the condition is true 


WHILE loop: a condition-controlled loop that 
runs while the condition is true 


In this example the loop will continue until the user 
enters an age greater than or equal to 18. 


age = 0 

WHILE age < 18 
INPUT age 

ENDWHILE 


In this example, the loop continues until loop is 
greater than 100. 


value = 1 
WHILE value <= 100 
value = value + value 


ENDWHILE 


WORKED EXAMRE& 


An algorithm needs to continually ask the user to 
input numbers, and add them to a total, until the total 
is more than 100, then output the total. 


Draw a Sowchart for the algorithm. 

Start by identifying the steps required. 

Step 1: Repeat until the total is more than 100. 
Step 2: Ask the user to input a number. 

Step 3: Input the number. 

Step 4: Add the number to the total. 


Step 5: When total is more than 100, output the 
total. 

Identify what type of symbols these steps need. 

Step 1: Repeat until the total is more than 100. 


Loop until total > 100 
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Step 2: Ask the user to input a number. 
Output 

Step 3: Input the number. 
Input 

Step 4: Add the number to the total. 
Process — add number total 

| Step 5: When total is more than 100, output the 

total. 
Output 


Start 


=- 


OUTPUT "Enter a 
number" 


Yes 
DES INPUT number 
/ OUTPUT total 
LA 
! | 
total = total + number 
Stop | 


— 


Figure 4.36: Flowchart-Totalling number with control 
loop. 


Convert the flowchart into pseudocode. 


Replace the seiection condition with a WHILE loop. 
total = 0 
WHTLE total < 100 

OUTPUT "Enter a number" 

INPUT number 


total = total + number 
ENDWHILE 
OUTPUT total 


Question 


18 When should a condition-controlled loop be used? 


total = 100 


counter = 0 7] 


OUTPUT "Enter a 
number" 


INPUT number 


OUTPUT "It took" 
& counter & 


Y 
total = total — number 


N 


Convert the flowchart into pseudocode. 


w 


An algorithm needs to ask the user to 
input a number between 100 and 200. 
Keep asking the user for the number until 
it is valid. 


Draw a flowchart for the algorithm. 


4 Analgorithm stores a number. The user 
has to guess what this number is. They 
keep guessing until they get it correct. 
The algorithm then outputs the number of 
guesses the user took. 


| "numbers" 
Figure 4.37: Flowchart with control loop. 
[i 


Write a pseudocode algorithm for 
this problem. 
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String manipulation 


Strings are collections of letters, characters and 
numbers. They are represented by speech marks; this 
is because the variable value is different from the 
word “value” 


You may need to manipulate strings, for example get 
one or more characters from it or find its length. 


These are all processes, so would go inside a process box 
(apart from concatenation which can also be in an input 
or output box). 


Table 4.3 shows some common string manipulators. 


Returns the 
length of the 
string 


length(" Hello") 
would give 5 


length(string) 


char("Hello",0) 
would give "H" 


Returns the 
character at 
characterNum 
in the string. 


char(string, 
characterNum) 


mid("Hello",1,2) 
would give "el" 


Returns 
numChars 
number of 
characters 
from 
startingChar 
in the string 


mid(string, 
startingChar, 
numChars) or 
substring(string, 
startingChar, 
numChars) 


upper("Hello") 
would give 
"HELLO" 


Converts 
string to 


upper(string) 


lower("Hello") 
would give 
"hello" 


converts 
| string to 
lowercase 


lower(string) 


Table 4.3: String manipulators. 


| 
i] 


In this exampie, the four digits of the year (1999) are 
extracted from the string and output. 


‘ou 
\ Start 
p 
Y 
date = "01/01/1999" 
Y 


year = substring(date, 
6, 4) 

OUTPUT year 
Stop ) 


Figure 4.38: Flowchart to extract year from a date 
pseudocode. 


The statements are the same in pseudocode, they are just 
written without the boxes. 


WORKED EXAMPLE 4.12 


A program is needed to input a word from the user, 
and then output alternate letters starting with the first 
letter. 


Draw a flowchart for the algorithm. 


Start by identifying the steps required. 


Step 1: Ask the user to input a word. 

Step 2: Input a word and store it in a variable. 

Step 3: Count the number of letters in the word. 

Sten 4: Set a counter to start with the letter at 
position 0. 

Step 5: Increase the counter by 2 each time through 
the loop. 

Step 6: Output the letter of the counter in the loop. 

Step 7: Loop until the counter is greater than or 


equal to the number of letters 


Nn O O OoOO 
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4 Algorithms and flowcharts 


Identify what type of symbols these steps need. 


Step 1: Ask the user to input a word. 
Output 
Step 2: Input a word and store it in a variable. 


Input and store in a variable 


Step 3: Count the number of letters in the word 


Step 4: Set a counter to start with letter 0. 
Process set counter to be 0 

Step 5: Increase the counter by 2 each time through 
the loop. 
Process, counter = counter + 2 

Step 6: Output the letter of the counter in the loop. 
Get mid ut position counter 


Step 7: Loop until the counter is greater than the 
number of letters. 


Loop until counter > length 


OUTPUT "Enter a 
word" 


INPUT word 


wordLength = length(word) 


i 


counter = 0 


F 
N 


Is counter > 
wordLength? 


OUTPUT 
mid(wordLength, counter, 1) 


counter = counter+2 | 


| 
La 


Find length of the word 


Figure 4.39: Flowchart with mid command. 


Convert the flowchart into pseudocode. Replace the 
loop with a FOR loop (from 0 to wordlength) but it 
needs to add 2 each time. 
OUTPUT "Enter a word" 
INPUT word 
wordLength = length (word) 
FOR counter = 0 TO wordLength 
OUTPUT mid(wordLength, counter, 1) 


counter = counter + 1 


NEXT counter 


Question 


19 What number is the first character in a string? 


Describe the stages in the flowchart in 
Figure 4.40. 


2 Analgorithm is needed to ask the user 
how many letters they want to enter. The 
program should then ask the user to enter 
that many letters, concatenate them and 
output the result. 


Draw a flowchart for the algorithm. 


3 Analgorithm takes the date of a month a 
user was born, the name of the month, and 
the year. it creates a date of birth in the form 
DD/MM/YYYY and outputs this. 


Create a pseudocode algorithm for 
the problem. 
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— 


/ OUTPUT "Enter a 
name" 


INPUT name 


first = mid(name,0,1) 


| 


first = upper(first) : 


| 


restOfName = mid(name,1, length—1) 


word = first & restOfName 


OUTPUT word 


Figure 4.40: Flowchart. 


Subroutines 


A subroutine is a set of instructions that are independent. 
They have an identifier (a name) and can be called from 
other parts of the program. When it finishes running, 
control passes back to where it was called from. 


yy 


subroutine: a set of instructions that have 


an identifier and that are independent from 
the code; it is called from another part of the 
program and returns control when it was finished 


There are two types of subroutine, a procedure and 
a function. A procedure performs a task and returns 


control back io the program that called it. A function 
can return a value to the program that called it. You do 
not need to know about functions, or use them in this 
chapter, but it is useful to understand that a procedure is 
not the only form of a subroutine. 


procedure: a type of subroutine that does not 
return a value to the main program 


function: a separate piece of code that has an 
identifier and performs a task; it can be called 
from elsewhere in the code and returns a value 


Flowcharts 


Each subroutine is a separate flowchart, and instead of 
having a Start box, it has the name of the subroutine, 
for example, 


> 


Identifier 


Figure 4.41: Subroutine identifier. 


In this example, the subroutine is called OutputText. 
Note that the symbol for a subroutine is similar to a 
process box but has a pair of parallel vertical lines at 
each side. The algorithm starts at Start, the process box 
tells the flowchart to go to Output. The output “Hello” 
runs, and Stop telis the algorithm to go back to the first 
flowchart, where it runs Stop. 


OUTPUT "Hello" 


Sub: Output 


Figure 4.42: Flowchart calling subroutine. 


a 
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4 Algorithms and flowcharts 


Pseudocode (sn 
7 À ; . Start calculate(value) 
In pseudocode, a subroutine still has an identifier. It 


starts with the command PROCEDURE and ends with 


ENDPROCEDURE. 
In this example, the pr re is call = 

this example, the procedure sca ed l NPUT hurioer total = total + 
outputMessage (). The brackets identify it as a value 


subroutine. The procedure outputs the words "Hello 
world" and then returns control. 


PROCEDURE outputMessage() 


OUTPUT "Hello World" Sub: OUTPUT total 
calculate(number) 


ENDPROCEDURE 


A procedure is called by using the name of the 
procedure, for example, 


INPUT x 


Figure 4.43: Flowchart calling calculate subroutine. 


{ calculate(value) 


outputMessage() 


OUTPUT "Finished" 


Procedures are declared at the top of the program, and 
the main prograin beneath all the function calls. 


Parameters 


You can send data to a subroutine; this data is called a 
parameter. 


total + 
INPUT number 


ue 


Y 
OUTPUT total 


KEY WORD 


Ce 


parameter: a piece of data that is sent to a 
subroutine 


Sub: | 
calculate(number) | 
i 


Flowchart 


| 


In this example, the main flowchart (in Figure 4.44) calls 
the subroutine (in Figure 4.43), calculate and sends it 
the value in number. The function calculate renames 
this as value. It adds this to total and outputs it 


before returning control to the main program. Is number 


> 10? 


Figure 4.44: Flowchart with condition loop calling calculate 
subroutine. 
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Pseudocode 
Parameters are identified within the brackets. 


In this example, the main program (beneath the 
procedure), inputs a value into the variable number and 


then sends this to the procedure calculate. This is then 


named vaiue and added to total before being output. 


ED EXAMPLE 4.14 


A program asks the user to input a number. Ii loops 
that a number of times. Each time through the loop, 

if the number is even it calls a subroutine to output 
the number multiplied by itself. If the number is odd it 
calls a subroutine to output the number to the power 
of itself. 


Draw a flowchart for this aigorithm. 
Start by identifying the steps required. 


Step 1: User inputs 4 number. 

Step 2: Set the counter to 1. 

Step 3: Loop until the counter is the number 
entered. 

Step 4: if the number is even, call subroutine. 

Step 5: Else if the number is odd, call subroutine. 


Create a subroutine taking number as parameter 

a Multiply the parameter by itself. 

b Output the result. 

Create a subroutine taking number as parameter. 
a Calculate the parameter to the power of itself. 
b Output the result. 


Identify what type of symbols these steps need. 
Step 1: User inputs a number 


Input number store in variable 


Step 2: Set counter to 1. 
Process counter = 1 

Step 3: Loop until counter is the number entered. 
Loop until counter = number 

Sten 4: If the number is even call subroutine 
If counter is even call multiply() 

Step 5: Else if the number is odd call subroutine 


else call powerof() 
Create a subroutine taking number as parameter. 
multiply (number ) 
a Multiply the parameter by itself. 


Process number * number 


PROCEDURE calculate(value) 
total = total + value 
OUTPUT total 

ENDPROCEDURE 

INPUT number 


calculate(number) 


b Output the result. 
Output result 
Create a subroutine taking number as parameter. 
power Of (number ) 
a Calculate the parameter to the power of itself 
Process number ^ number 
b Output the result. 
Output result 


Draw the flowchart for the subroutines. 
multiply(number) powerOff(number) 


Y Y 


result = number * number result = number ^ number 


OUTPUT result 


AA 


Figure 4.45: Subroutine flowcharts. 


Draw the flowchart for the main program. 


( Start 


— 


/ INPUT number 


counter = 1 


counter = counter + 1 


Is counter > 
number? 


Is counter 
mod 2 = 0? 


i powerOf(number) i 
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WORKED EXAMPLE i 


Convert the subroutmes and main program to 
pseudocode. 


Write each subroutine first, then the main program. 


PROCEDURE multiply (number) 
result = number * number 
OUTPUT result 

ENDPROCEDURE 

PROCEDURE powerOf (number) 
result = number ^ number 
OUTPUT result 

ENDPROCEDURE 

INPUT number 

Counter = 1 

WHILE counter < number 
IF counter MOD 2 = 0 THEN 

multiply (number) 
ELSE 
powerOf (number) 
ENDIF 
ENDWHILE 


Questions 


20 What is a subroutine? 
21 Why are subroutines used in programs? 
22 What is a parameter? 


PRACTICAL ACTIVITY 


1 Describe what the flowcharts a to d show. 


Start 


| sub1 


Figure 4.47: Flowchart a. 


a 


4 Algorithms and flowcharts 


OUTPUT "Choose 1 
or 2" 


Input choice 


is choice 
="? 


Figure 4.48: Flowchart b. 


K 


OUTPUT "You 
chose 1" 


Figure 4.49: Flowchart c. 


ea 
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INPUT num 


result = num * 2 


OUTPUT result 


Stop ) 
=á 


Figure 4.50: Flowchart d. 


2 Conver the flowcharts in part 1 into 
pseudocode. 


3 Create a program that asks the user whether | 
they want to make word uppercase or 
lowercase. Create a procedure to turn a 
word uppercase and output it, and a second 
procedure to turn a word into lowercase and 
output it. Call the appropriate procedure for 
which choice the user inputs. 


Draw a flowchart for the algorithm. 


4 Convert the flowchart from part 3 into 
pseudocode. 


Nested construct 


A nested construct is one construct (selection or iteration) 
inside of another construct (selection or iteration). For 
example, this could be a loop inside another loop, or a 
selection statement inside a loop, or a selection statement 
inside another selection statement. You can even have 
multiple nested loops, with several selection statements 
inside one loop. There is no end to the possibilities. 


construct: a control structure, such as a loop or a 
conditional statement 


nested loops: one construct that is inside 
another construct 


In this example (see the flowchart and the pseudocode) 
there is a nested loop; a WHILE loop inside a 
WHILE loop. 


BS No 


OUTPUT “loop 
again?" 


Is continue 
= False? 


Is continue 
= "YES"? or 
continue ! = 


OUTPUT "Invalid option. 
Loop again?" 


Figure 4.51: Nested loop. 


continue = False 

WHILE continue = False 
OUTPUT "Loop again?" 
continue = upper(INPUT) 


WHILE continue != "YES" or continue != 
"No" 


OUTPUT "Invalid option. Loop again?" 
continue = upper(INPUT) 
ENDWHILE 
ENDWHILE 


NO G O O O Ol 


7 » 


Copyright Material - Review Only - Not for Redistribution 


4 Algorithms and flowcharts 


WORKED EXAMPLE AN 


A program needs to input the results for 100 students. F = 
Each student has 10 different results and the total eal ) 


needs to be output for each student. 


Create a flowchart for the algorithm. studentNumber = 1 


Start by identifying the steps required. 

Step 1: Loop through all 100 students. 

Step 2: Loop through all 10 results for each student. 
Step 3: Ask for the student’s result. 

Step 4: Input the student’s result. 

Step 5: Add the result to their total. 


Step 6: Output the total at the end of each student’s 
results. 


studentNumber = studentNumber + 1 


Is 
studentNumber 
> 100? 


result = 0 
total = 0 


OUTPUT "Enter" & 
studentNumber & "Is 


Identify what type of symbols these steps need. result" result 

Step 1: Loop through al! 190 students. | 
Count-controiled loop INPUT 

Step 2: Loop through all 10 results for each student. studentResult 
Count-controlled loop | 

Step 3: Ask for the student’s result. 

total = total + studentResult 

Output 


Step 4: Input the student’s result. i 


Input and store the result 
Step 5: Add the result to their total. 


result = result + 1 


Process total = total + result LT 
Step 6: Output the total at the end of cach student’s Figure 4.52: Flowchart-Totalling results. 

results. 

Output 


WORKED EXAM 


Convert the flowchart into pseudocode. 
Each loop is count controlled so replace with For loops. 


FOR studentNumber = 1 to 101 
total = 0 
FOR result = 1 to 11 
OUTPUT "Enter " & studentNumber & "'s result " & result 
INPUT studentResult 
total = total + studentResult 
NEXT result 
OUTPUT "Total is" & totali 
ENDWHILE 
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Question 


23 What is a nested statement? 


NIDACTIVITY 4.09 


1 An algorithm should ask the user if they 
want to perform a calculation, and should 
continue asking this until they say Yes. 
Then the program should ask them how 
many numbers they want to add together. 
The program should input that quantity of 
numbers, add them together and output 
the result. 


Draw a flowchart for the algorithm. 


2 An algorithm should take a word as input 
from the user. Then take each letter in turn, 
and output it the number of times of its 
position in the alphabet. For example, ‘a’ 
would be output once, ‘b’ would be output 
twice, and so on. 


Create a pseudocode algorithm for 
the problem. 


| 
ee O D 


Editing an algorithm/flowchart 


You need to be able to read an algorithm, or flowchart, 
and be able to identify how to make changes to it. 


To do this, you need to work out what the algorithm 
does first. Do this by using test data to run the 
algorithm, follow each step and write down what 
happens. Then look at the difference between what the 
algorithm did, and what you need to make it do. 


Figure 4.53: Maze 4. 


The following algorithm visits the yellow box, then the 
green before moving to finish. Start facing up. 


FD2 
RT90 
FD4 
RT90 
FD5 
LT90 
FD] 
RT90 
FD2 
LT90 
FD4 


Edit the algorithm so it visits the yellow box and then 
the Finish without visiting the green box. 


The algorithm can stay the same up to the yellow box, 
so repeat this: 
FD2 


RT90 
FD4 


Continue the algorithm from this point. There are 
many different ways you could go, for example: 


RT90 
FD7 
LT90 
FDS 


OON o G O O 
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ZA 


WORKED EXAMPLE 


This flowchart takes in a user’s first name and 
favourite colour. it takes the first three letters of the 
first name, and the first three letters of the colour to 
create and ouiput a username. 


Start 


| INPUT firstname 


1 


/ INPUT colour 


username = 
mid(firstname,0,3) 


i 


username = username & 
mid(colour,0,3) 


i 


OUTPUT 
username 


Figure 4.54: Flowchart-Create a username. 


Change the algorithm so that is gets the last three 
letters of the colour instead of the first three. 


The algorithm can stay the same up to where the 
letters are taken from the colour. This box was 
originally: username = username & mid(colour,0,3) 


Instead it needs to get the last three, so it needs 
changing to: 


username = username & mid(colour, 
length(colour)—4,3) 


Questions 


24 This flowchart takes 10 numbers as input, adds 
them together and outputs the total. 


counter = 0 
total = 0 


total = total + 
number 


Is counter 
INPUT number 


Figure 4.55: Flowchart-Total 10 numbers. 


Change the flowchart so it inputs 20 numbers and 
adds them together. 


25 This algorithm asks the user to input 50 numbers. It 
finds the smallest number and multiplies it by itself 
before outputting it. 

smallest = 9999 


FOR counter = 0 to 50 
INPUT number 
If number < smallest THEN 
smallest = number 
ENDIF 
NEXT counter 
answer = smallest * smallest 
OUTPUT answer 


Change the algorithm so it finds the largest number 
and multiplies this by itself before outputting it. 


Correcting an algorithm/ 
flowchart 


You may need to find an error in an algorithm such as 

a flowchart. To do this, you need to follow each step of 
the algorithm, performing the actions it instructs to find 
where it goes wrong. 


Nn O 


79» 
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v) 
EARO 


An algorithm should take three numbers as input, it should add together the two largest, and output the result. 


WORKED EXAMPL 


Find the error in the algorithm. 


f 
| INPUT numi, 
num2, num3 


Is num2> 
num3 and 
num2 > num1? 


Is num1> 
num2 and 
num1 > num3? 


total = num1 + 
num3 


total = num1 + 
num2 


total = num3 + total = num3 + 
num2 num1 


Figure 4.56: Flowchart with error. 


Nn E 
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CONTINUED 

Run the algorithm with all possible different types Test 2 

example data, for example, Is numi > num2 and num! > num3? No 

Test 1: num1 = 10, num2 = 5, num3 = 3 (num! and Is num2 > num3 and num2 > num1? No 

num2 are the largest), Output should be 15 Ts num! > num2? Yes, total = num3 + num2 = 10 + 3 
Test 2: num] = 5, num2 = 3, num3 = 10 (num! and OUTPUT 13 — This is incorrect. It should have carried 
num3 are the largest), Output should be 15 out total = num3 + numl. 

Test 3: num! = 3, num2 = 10, num3 = 5 (num2 and The yes and no from the Is num1 > num2? Box are in the 
oum3 are the largest), Output should be 15 wrong order, they need swapping. 

Test 1 Test 3 

Is num! > num2 and num! > num3? Yes Is num1 > num2 and num! > num3? No 

Is num2 > num3 Yes this is true, total = num! + num2 Is num2 > num3 and num2 > num1? Yes 

=10+5 Is num! > num3? No total = num3 + num2 = 5 + 10 
OUTPUT eat OUTPUT 15 — correct 


PRACTICAL AGTYVITY 4.10 


1 The algorithm should ask the user how many letters they want to enter, then let them enter that many 
letters. All the letters should be concatenated and output. 


Find the error(s) in this algorithm. 


OUTPUT "Enter the 
number of letters" 
INPUT number 


counter = 0 


Fh > 


number? 


word = word 
& letter 


OUTPUT word 


Figure 4.57: Flowchart with errors. 
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The algorithin should repeatedly ask the user to input a number. The difference between that number 
and the previous number should be added to the totai. This should continue until the total is more 
than 1000. 


Find the error(s) in the algorithm. 
total = 1 


previousNumber = 0 
WHILE total < 1000 
INPUT number 


total = total + (number - previousNumber) 
previousNumber = number 
ENDWHILE 


What steps did you follow to plan an algorithm? 


How did you find errors in an algorithm? 


How did you work out how to edit an algorithm? 


Í EXAM-STYLE QUESTIONS N 


1 Identify two ways that an algoritiin can be expressed. [2] 
2 Name the actions for these flowchart shapes. 


me Eo 


Figure 4.58: Flowchart symbols. 


[3] 


C NW O G O O űl 
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a WN 


CONTINUED, AO a, 


3 State what the output will be when this algorithm is run when the data input is 10. 


INPUT num 


4 


OUTPUT num * ” a 
a 
Yes / 
SS OUTPUT num + 10 


Figure 4.59: Flowchart. 


4 Change this algorithm so it cutouts the 9-times table. 


count = 1 


Is count > 
12? 


answer = count * 5 OUTPUT answer 


Figure 4.60: Flowchart. 


4 Algorithms and flowcharts 


[1] 


[3] 


SSN Oy 
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CONTINUED , AO O 


5 This algorithm should loop until the user enters something other than ‘Yes’ or ‘yes’. 
Each time through the loop, it adds the two numbers the user wiputs to the total. 


Find and correct the error(s) in the algorithm. [1] 


INPUT num1, num2 


total = 0 
continue = False 


Is continue Yes total = total + num1 + 
=True? < num2 
A 


{No 
( Stop OUTPUT "continue?" 
INPUT response 


A 
A 
Is 
response = "Yes" 
or response = 
"yes"? 


continue = False 


Figure 4.61: Flowchart. 


NN ne —isSCSCSCi‘(. 
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CONTINUED , XO > 


6 Follow this algorithm. 


count = 0 | 


|- 


~ 
INPUT number La m outputS = outputS & value1 
value2? 


count = count + 1 


© 


generate1 (symbol, 
number) 


OUTPUT outputS 


> 
Stop ) 


Figure 4.62: Flowchart. 


a State the name of the procedure in this algorithm. [1] 
b State the number of parameters that are passed to the subroutine. [1] 
c State the name of two variables in the algorithm. [2] 
d State what will be output from the program if the inputs are: "*" and then 5. [1] 

[Total 5] 


7 An algorithm is needed to output the odd numbers from 0 to 100. 
Draw a flowchart for this algorithm. [6] 


8 Write an algorithm for a calculator. The user should be able to input two numbers and a symbol 
(+ or-, or * or /). The algorithm should use subroutines for each of the calculations and output 
the result. [9] 


Nn E) 
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Ican edit a given algorithm. 


I can write an algorithm to solve a given problem. 


I can edic a given flowchart. 


I can draw a flowchart to solve a given problem. 


i can identify errors in an algorithm/flowck ari Yor a given scenario. 


Ican use conditional branching. 


I can use looping. 


I can use nested loops. 


I can use procedures/subrovunes. 


I can use input/output in 2 ilowchart. 


I can use decisiors in a flowchart. 


I can use start, stop and process boxes in a flowchart. 


I can use conxecting symbols/flow arrows in a flowchart. 
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By ihe end of this chapter, you will be able to: 


e know and understand what is meart by personal data, how to keep it secure and prevent its misuse 


e recognise types and uses of maiware, their consequences for organisations and individuals and methods 
of prevention. 
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BEFORE YOU STAR® 


e Do you know that personal data includes data such as your name, your address, your telephone number 


and your email address? 


e Do you have a basic understanding of a cyber attack and what is meant by cyber security? 


Introduction 


The world of Information Technology can be a fun and 
exciting experience. It also comes with its dangers and it 
is important that you are aware of these, so that you can 
safeguard against them. 


Sadly, there are people with malicious intentions online, 
and the more you are aware of the actions that they 
could take, the more protection you can put in place. 
This increased awareness and preventative measures can 
make sure that your time spent online, and further afield 
with technology, does not endanger you, your data or 
your identity. 


5.1 Personal data 


Personal data is any data that relates to you and your 
identity. This includes data such as: 


e Name e = Bank details 

e Address e Medical records 
e Telephone number e = Salary 

e Email address e Political opinions 


You should be very carefu! about revealing any of your 
personal data! By revealing personal data to another, 
especially online, you are exposing yourself to dangers 
such as identity theft, fraud, bullying and blackmail. 
These types of dangers can be issues that arise as a 
result of revealing more personal thoughts and feelings 
to those that can use them against you. It is a more 
sinister viewpoint to take, but the moment you reveal 
any personal data to another, you are providing them 
with the potential to harm you or your identity. ‘This 
isn’t to say you should never speak to another, especially 
those unknown online, just understand how to recognise 
a danger and how to keep your identity secure. 


To keep yourself safe in your daily life, you are likely 
to have been taught to take measures such as locking 
doors, not talking to strangers and not venturing into 


unsafe areas. However, when many people go online, 
they relax their safety measures, perhaps because they 
are in the comfort of their own home, so do not think 
anything negative will happen. Many people that use the 
internet are genuine, but knowing how to detect the few 
that aren’t is important. 


There are several guidelines for you to be aware of to 
keep your personal data confidential: 


e Have strong passwords set on any account that 
holds personal data. Stronger passwords include 
characters, numbers and symbols and are not a 
recognisable word. 


e Encrypt (scramble text so that it cannot be read 
without a decryption key) any personal data that 
you store on your computer. 


e = Have a firewall present, scanning incoming and 
outgoing data from your computer system. 


e => Regularly scan your computer with preventative 
software, such as an anti-virus package, that is used 
to identify a virus on a computer and remove it. 


e Make use of any bionietric devices (devices that 
measures a person’s biological data, such as 
thumbprints), that are built into technology. 


firewall: a security measure that can be 
implemented to monitor traffic into and out of 
a computer and prevent external users gaining 
unauthorised access to a computer system 


anti-virus: software that is used to identify a virus 
on a computer and remove it 


biometric: unique physical characteristic of 
a person that can be used by a computer for 
identification purposes 


e Only visit and provide data to websites that are a 
trusted source. 
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5 eSecurity 


e Do not open any emai! attachments from a sender 
you do not recognise. 


e Check the URL attached to any link requesting 
data to see if it is genuine. 


e Be cautious about any pictures or opinions that you 
post or send to people. 


e Remove data about your location that is normally 
attached to your photos and videos that you may 
post, such as geotags. 


e Do not become friends on social networking sites 
with people you do not know. 


e —_- Set all the privacy controls to the most secure 
setting that are available on social media accounts. 


e Report and block any suspicious user. 


e Use a nickname or pseudonym when using 
the internet for entertainment, for example, 
playing games. 


e If it is possible, use a virtual private network (VPN), 
an encrypted connection that can be used to send 
data more securely across a network. 


geotag: an electronic tag that assigns a 
geographical location 


virtual private network: an encrypted 
connection that can be used to send data more 
securely across a network 


The ways in which some of these guidelines can be used 
in more detail will be explored throughout this chapter. 


How many of the guidelines do you follow at the 
moment to keep your personal data confidential? ! 


PRACTICAL ACTIVITY 5.01 


Create a plan to implement any of the guidelines 


that you do not currently have in place to keep 
your data confidential. 


How is personal data 
collected? 


There are several ways that an unauthorised person can 
try and collect your data. These include: 


e phishing e  vishing 
e  smishing e pharming. 
Phishing 


Phishing is when a person sends a legitimate looking 
email to a user. The email contains a link to a website 
that also looks legitimate. The user is encouraged to 
click the link and to input personal data into a form on 
the website. The emaii could also simply ask the user to 
reply to the email with their personal data. The user is 
tricked into giving their personal data to a source that 
they believe is legitimate. However, both the email and 
the linked website are from a fake unauthorised source. 


The personal data that is input is then collected by an 
unauthorised person. This person can then use this data 
for criminal acts, for example, to commit fraud or steal 
the person’s identity. 


Intimidation has become a common feature of phishing 
emails, threatening the user that they must click the link 
and rectify a situation immediately, or there will be a 
further issue. 


The aim of a phishing attack is to steal the user’s 
personal data. 


Figure 5.1: Phishing. 
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A real-life example of phishing 


PayPal have been the subiect of several different 
phishing emails. Users receive an email that looks as 
though it has been sent from PayPal, as it has the PayPal 
branding. The email normally warns of an issue such as 
unexpected activity on their account, or that some kind 
of verification of their account is required. The user is 
then asked to click a link to log into their account and 
resolve the issue. 


The link takes them to a webpage that looks like the 
PayPal login page. If the user inputs their login details 
into this page, they will not be taken to their account. 

It is often at this stage that the user may realise that the 
email and webpage are fake. However, they have already 
given the unauthorised person their PayPal login details. 


PayPal 
(ica A area] 
Prablam wilh yaur orzenn, rectify now ba prawami daactivalion| 
Cui Map u Lear, 


Your Raya arrati oe garnier n Ta rba ATT iT ee, Pti. co bkn Le 
Ms. well Sa wna W ahaaa pu eh Ya gy! oe. Dine 
pmhan im ma ahe iari arrari han ang dass ioe 


Dury tr eir gon pida a cr ed oe ed probki daii by de bn | 
hase cake qe verify Poe brketr elor dha pa pete org ces ee, Miet r ea 
GOT t y ar Abe A Oe CH ed rack ew red ck pegs re 
fue fc ak aot Base u Db, sou gS oe! ee ee bce pices oe 
AT bal Passi aati or VA uri area b eee bee ata | thrid ont hat 
fae oR kiy is yee ce cde se Ps Baccus Lead ber abla oc sa 
eee orion pare. 


Vor Ese of atu Wey ae UA pA rere gk r a ote bogey ot 
BCL. a uyariy eek pe Ley be ik ev coe. die pa Ss Ha 
km SA thks ei Yoi Sra waari ny AT A i aTa 
aanp ha Dee araires tiua Dee rege be ceva sea 


Thank poe fray Poy ol 
Tos Fe, m Taam 


Figure 5.2: An example of a phishing email claiming to be 
from PayPal. 


How to recognise phishing 
There are severa! guidelines to be aware of regarding emails 
to avoid being subjected to phishing. These include: 


e Don’t even open an email that is not from a sender 
that you recognise or a trusted source. 


© Legitimate companies will never ask you for 
your personal data using email. Be immediately 
suspicious of any email that requests your 
personal data. 


e Legitimate companies will normally address 
you by your name. Be suspicious of any email 
that addresses you as ‘Dear Member’ or ‘Dear 
Customer’. 


e Legitimate companies will send an email that uses 
their domain name. If you hover your mouse over 
the sender’s name, it will show the email address 
that the email is sent from. If this does not look 
legitimate, for example, does not contain the correct 
domain name, then it is probably fake. For example, 
if the sender’s email is user@paypall.com rather 
than user@paypal.com, this is from an incorrect 
domain name. 


e Legitimate companies are protective of their 
professional reputation and thoroughly check 
any communications. They will make sure that all 
information given is grammatically and correctly 
spelt. Be suspicious of any email that contains bad 
grammar or spelling mistakes. 


e = A link in an email from a legitimate company 
will also normally contain the domain name of 
the company. You can sometimes hover over the 
link, or right click and inspect the link, to see the 
address of the URL that is attached. If the URL 
does not contain the domain name, or also contains 
typical errors such as spelling mistakes, then be 
suspicious of this. 


PRACTICAL ACTIVITY 5.02 


Ask a friend or a member of your family if they 
have ever received an email that they believed 
was a phishing email. 


Ask them how they identified it was phishing. 
Ask them if they know all of the given guidelines 
for identifying pnishing emails. 


Smishing 

Smishing (or SMS phishing) is a variant of phishing that 
uses SMS text messages to lure the user into providing 
their personal details. The user is sent an SMS text 
message that either contains a link to a website, in the 
same way that phishing does, or it will ask the user to 
call a telephone number to resolve an urgent issue. 


The same advice can be followed for smishing as given 
for phishing. The user must question at all times any 
links that are sent from an unknown or suspicious user. 
It is advisable that if a user believes the message may be 
legitimate, to type in the domain name for the legitimate 
company website into their web browser, rather than 
following the link in the message. 
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Users should block any numbers that they believe are 
suspicious to prevent any further risk of smishing from 
that number. 


Figure 5.3: Smishing. 


Vishing 

Vishing (or voice phishing) has the same aim as 
phishing, to obtain a user’s personal details. The 
user receives a telephone call that could either be an 
automated system or could be a real person. 


An automated voice could speak to the user and advise 
them that an issue has occurred, such as there has been 
suspicious activity regarding their bank account. The 
user may then be asked to call another number, or 

just to simply press a digit and be directed to another 
automated system. This system will ask them to provide 
their bank account details to resolve the issue. The 
bank account details have then been obtained by the 
unauthorised user and can be used to commit a crime 
against the user. 


The automated system could be replaced by a real 
person who will try to do the same thing. They will try 
to convince the user that there has been an issue with an 
account they have and to provide the log-in details or 
PIN for the account to verify who they are so the issue 
can be resolved. 


The precaution to take for vishing is that no company 
will ever call you and ask you to provide any log-in 
details or PIN details over the telephone. They may 
ask you to provide other personal information, and if 
you are in doubt that the person on the other end of 
the phone is legitimate, it is always advisable to put the 
phone down and call the company back on a legitimate 
number that you may already know or can obtain. 


Figure 5.4: Vishing. 


Pharming 


Pharming is when an unauthorised user installs 
malicious code on a person’s hard drive or server. The 
malicious code is designed to redirect a user to a fake 
website when they type in the address of a legitimate 
one. The fake website is designed to look like the 
legitimate one, to trick the user and make sure they 
are not aware that their request has been redirected. 
The user will then enter their personal details into the 
fake website, believing it is the legitimate one, and the 
unauthorised person will now have their personal data. 


A common technique used in pharming is called domain 
name server (DNS) cache poisoning. This technique 
exploits vulnerabilities in the DNS and diverts the 
internet traffic intended for a legitimate server toward a 
fake one instead. 


The unauthorised user needs to find a way to install the 
malicious code on the computer. They often hide the 
malicious code in an email attachment or link. When the 
user opens the email aitachment or clicks the link, the 
malicious code is downloaded also. 
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Figure 5.5: Pharming. 


The aim of a pharming attack is also to steal a user’s 
personal data. 


A real-life example of pharming 


In 2007 50 different companies all over the world were 
subject to a pharming attack, these included PayPal, 
eBay, Barclays bank and American Express. Over a 
three-day period, hackers managed to infect over 1000 
PCs a day with a malicious pharming code. 


When users who had been infected visited the websites 
of the different companies, they were redirected to a 
legitimate-looking version of the site that was designed 
to steal their personal data. 


The original email, containing the malicious code, was 
set up to look like a shocking news story. Users were 
encouraged to click a link in the email to find out more 
information. The code was downloaded when the user 
clicked the link. 


This was quite a sophisticaied attack that required 
legitimate looking websites to be set up for a large 
number of companies. It is not known how much money 
the hackers were able to retrieve as a result. 


How to prevent pharming 


All of the guidelines to avoid being subjected to 

phishing are also relevant for recognising pharming. 
There are also several other precautions that can be 
taken to check for pharming attacks. These include: 


e Havea firewall installed and operationai. A firewall 
monitors incoming and outgoing traffic from your 
computer. It checks this traffic against set criteria 
and will flag and stop any traffic that does not 
meet the criteria. A firewall could detect and block 
suspicious traffic, such as a malicious code trying to 
enter your system. 


e => Have an anti-virus program installed that is 
designed to detect malicious pharming code. You 
need to scan your computer on a regular basis to 
check for any malicious code. It is advisable to set 
up an automatic scan on a daily basis at a time 
when your computer will normally be switched on. 


e Be aware when using public Wi-Fi connections. A 
hacker could look to directly access your computer 
and install the malicious code if you are connected 
to a public Wi-Fi connection. It is often advisable 
to use a VPN when using public Wi-Fi. This will 
help shield your internet activity and personal 
details from a hacker, making it more difficult for 
them to access your computer. 


Smishing can also be used as a form of pharming. A 
user is sent a link, that when they click is designed to 
download matware onto their mobile device. Therefore, 
it is advisable to have security software installed on your 
mobile and also scan it regularly to detect any presence 
of malware. 


Question 


1 = Investigate the use of a VPN. Find out what 
security benefits it may have. 


5.2 Malware 


Malware (or malicious software) refers to any software 
that is designed to disrupt or damage a computer system 
or sometimes a user. 


ma!ware: software that is malicious 


There are various types of malware. These include: 


e virus e adware 

e trojan e rootkit 

e worm e malicious bots 
e spyware e ransomware. 


It is important that you understand how each of 
the given malware operates and what you can do to 
minimise the risk from each. 
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The consequences to the individual or to a business will 
depend on the type of malware. Some malware may 
just cause a minor itritation, such as slowing down a 
computer, but it could be much more serious, leading 
to identity theft, corruption of data or blackmail 
(either to do with personally collected data or to restore 
blocked data). 


Virus 
A virus is the most commonly known type of malware. 


A virus is the only type of malware that infects new files 
in the computer system. It attaches itself to a clean file, 
replicates itself, then attaches itself to another clean file. 
It is designed to spread, much like a human virus. 


Once a virus has infected a file, it may begin to replicate 
immediately, or it can lay dormant until actions 
performed by the computer cause the code to be 
executed. If an infected computer is part of a network, 
it can then begin to infect other computers on the 
network. A virus can be especially dangerous if it infects 
files on a server that are accessed by many different 
computers. 


There are several signs that your computer has been 
infected with a virus. These include: 


slower system performance 


© 


files multiplying or duplicating on their own 


e files being deleted without your knowledge. 


The aim of a virus is to corrupt and disrupt data in a 
computer system. It is mainly a method of sabotage for 
this reason. 


Minimising the risk of a virus 


If a virus manages to infect a computer system, it can be 
very difficult to eradicate. A robust anti-virus software 

is needed to minimise the risk of a virus. You should 
instail an anti-virus program and regularly scan your 
computer. It is best to set up a daily automatic scan 

of your computer at a time when you know that your 
computer is likely to be switched on. 


Anti-virus software scans a computer system and finds 
any files that it thinks contain a virus. It will quarantine 
these files and alert the user of their presence. The user 
can then select to delete these files. It is possible to 
remove this stage and set the software to automatically 
delete all quarantined files. 


The anti-virus software can detect the presence of a 
virus in a file by comparing the code to a database of 
known virus codes. If it finds a code that matches it will 
quarantine the file. 


One weakness of anti-virus software is that it is 
dependent on the database it holds. Therefore, if a 
perpetrator manages to hack a system with a virus 

that is not in the database, it will not be recognised 

and removed. This could leave it to do a great deal of 
damage. For this reason, it is also important to update 
your anti-virus software to make sure that it includes the 
latest known viruses. 


Some anti-virus software can be set for real-time 
checking. This means that all programs that are 
requested for download are immediately checked for 
viruses. If the anti-virus detects the presence of a virus, 
it will alert the user and tell them not to download the 
file as it contains a virus. 


A firewal! can be used to minimise the risk of a virus. 

A firewall acts as a filter, monitoring incoming and 
outgoing traffic from a computer system. Therefore, if 

it detects malicious software trying to enter the system, 
it can stop it before it is able to enter. A firewall again 
relies on the necessary criteria to be set in order to detect 
the malicious traffic in the first place. 


You should also be very careful when sharing any 
resources using portable storage devices such as a USB 
memory stick. You should immediately scan any USB 
memory stick that is inserted into your computer, even 
if it is your own storage device. It is very common 

for viruses to be spread through the use of portable 
storage devices. 
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PRACTICAL ACTIVI 


Discuss with your teacher what measures your 
school has in place to make sure that a virus is 
not installed on the school’s computers. 


ETICAL ACTIVITY 5.04 


Your friend does not have any security measures 
in place for their computer. They think that 
they will never get infected with a virus as a 
hacker will just never bother to do this to their 
computer. They do not realise that they could 
download a virus at any time. You have one 
minute to convince them they need to take 
security measures, and what security measures 
they can take to prevent a virus being installed 
on their computer. 


Write a one-minute speech to convince your 
friend. Practise the speech with a partner in 
your class. 


Trojan 


A Trojan is a type of malware that disguises itself 

as legitimate software, or is included in legitimate 
software that may have been infiltrated. They are mostly 
downloaded from an infected emaii or website. 


The term Trojan comes from Greek mythology. The 
Greeks gave a wooden horse as a peace offering to the 
people of the city of Troy. The “Trojan’ horse was in fact 
a container that held several Greek soldiers who, when 
night fell, climbed out of the horse and opened the city 
to the rest of the soldiers, who were then able to conquer 
the city of Troy. 


A malware Trojan works in a similar way. It looks 
harmless, but it hides a malicious program. When the 
Trojan file is opened, it will normally release another 
type of malware, such as a virus. A Trojan needs the 
user to run the program for it to release other malicious 
software. Therefore, it will usually encourage the user 
to run the program, for example, it will teli the user 
another program needs to be updated, and to click to 
run a program to update it. This then runs the Trojan 
and allows it to release further damage. 


Figure 5.7: Trojan. 


Minimising the risk of a Trojan 

It is difficult to minimise the risk of Trojans because 
they mask themselves as legitimate software. They also 
require the user to make them run, so rely on the error 
of a user to operate, rather than detection by anti-virus 
or a firewall. It is more likely that a user would make 
an error and be tricked into running the software than 
malware going undetected by a firewall and anti-virus. 


The main way to minimise the risk of a Trojan is to 
only open files and click to run software that you know 
is from a trusted source, for example, trusted software 
companies and trusted websites. If you are in any doubt 
about the program, do not run it! 


Question 


2 Find out what is meant by a backdoor Trojan. 


Worm 


A worm is a type of malware that acts in a similar way 
to a virus, but with a fundamental difference. A worm 

is a program that replicates itself, like a virus but, unlike 
a virus it does not need to attach itself to another 
program or file to cause Gamage. Worms exploit security 
holes and issues in a computer. These normally exist in 
the operating system. 
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A worm replicates itself and aims to fill up all the free 
space on a computer to slow it down and bring it to 

a halt. Therefore, the first signs for a user that their 
computer has been infected with a worm is that it starts 
to run slowly and the space on their hard drive begins to 
rapidly decrease. 


A worm also tries to spread to different computers on a 
network. For this reason, worms are often used to infect 
a large number of computers on a network. If a worm 
is able to spread throughout a network, it can clog up 
bandwidth and slow the whole network down. 


Worms are normally downloaded and spread through 
email attachments, peer-to-peer file sharing networks or 
using a link to a website or resource. Once downloaded, 
they do not need any other human interaction to 
replicate themselves. 


A well-known example of a computer worm is Stuxnet. 
Stuxnet was a computer worm that was used as a cyber 
weapon in 2010. It was discovered by two security 
researchers who recognised that the worm was a great 
deal more complex than any they had seen at the time. 
The worm was being used to attack a power plant and 
security experts believed the aim was to sabotage nuclear 
weapon production. 


Figure 5.8: Worm. 


Minimising the risk of a worm 


Worms often aim to exploit software vulnerabilities 

in a computer. These will normally be iocated in the 
operating system or applications. Therefore, you 
should regularly check for, and install, updates for your 
operating system and your applications. If this process 


can be set to automatically occur, then this can remove 
the need for you to remember to do it. 


The same guidelines about minimising phishing 
shouid also be taken. This can help to reduce the risk 
of downloading a worm that is attached to an email 
attachment or a link. 


Anti-virus software can normally check for a worm too. 
Therefore, regularly scanning your computer with anti- 
virus software can help identify a worm that has infected 
your computer. 


Worms can be spread by network connections. 
Therefore, disconnecting your computer from a 
network, when the network resources are not required, 
can keep it safe during this time. 


Question 


3 Find out about another well-known example of a 
worm called Confiker. 


e What issues did Confiker cause? 
e Who did Confiker affect? 


e How was Confiker dealt with? 


Spyware 


Spyware is a global term that is used to describe 
malware that is designed to gather information about 
your interactions with your computer. As the name 
suggests, the aim of spyware is to spy on the user. 
Spyware is normally used to gather personal and 
sensitive data that can be used in fraudulent and 
criminal activity. 


A common example of spyware is a key logger. A 

key logger is installed on a user’s computer, normally 
without their consent. The key logger will then record 
any key presses that are carried out by the user. All 
this data is sent to a third party, normally the person 
who created the spyware, to be analysed. The data is 
analysed, normally by another computer, but can be 
done manually, to establish any patterns in the data. 
The patterns are then analysed to see if any of them 
look as though they could be personal or sensitive data, 
for example, a password. 


Spyware can perform actions beyond just key logging. 
A user can sometimes unknowingly allow a commercial 
company to use spyware for several purposes, including: 
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e targeted marketing from tracking browsing habits 


e sending unwanted and often irritating 
pop-up adverts 


e installing add-ons and redirecting to 
advertising websites 


You can often unknowingly download spyware whilst 
using the internet. It can be embedded into enticing 
opportunities, such as a pop-up advert offering a prize 
or a free product. It can also be embedded into the 
download of a video, music or application file, often 
those that are free of cost. Sometimes, this may involve 
you consenting to the download of the spyware as the 
consent is buried in the small print and can go unread 
and unnoticed. 


Figure 5.9: Spyware. 


Minimising the risk of spyware 

Spyware is always roaming around the internet, so it is 
important to understand how you can minimise the risk 
of allowing it to be used to monitor your actions. 


As always, be very careful about what you download, 
especially when downloading software that is free of 
cost, and downloading from video and music sharing 
sites. Make sure that this is only done from very 
trusiworthy and reputable sources. 


Do not click on any links or offers in pop-up adverts, 
no matter how enticing they may seem. If you find 
that there is no obvious way to close a pop-up window, 
you can press ALT and F4 and this will close your 
internet session. 


Always read the small print when consenting to any user 
agreement. Commercial companies can sometimes list 


in the small print that you are consenting to allowing 
spyware to be downloaded to track information such as 
your browsing habits. Look for clauses about sharing 
your data with third parties. 


Cookies are a type of spyware that you may consent to 
be used to track your internet surfing habits. Even with 
cookies, you should always check what you are allowing 
the company to do with the cookies that you consent to 
being used to track your actions. 


Anti-malware software can be used to scan your 
computer to see if any key logging software is present. 
This type of software will normally remove any key 
logger if it is found. If it does find a key logger it is 
advisable to change ai! your passwords immediately, in 
case your data has been gathered an analysed. Do not 
wait to see if any issue occurs in the future, be proactive! 


anti-malware: software that is used to identify 
malware on a computer and remove it 


Questions 


4 How has the General Data Protection Regulation 
(GDPR) in the European Union (EU) affected the 
use of spyware? 


5 Find out about mobile spyware. 
a How are mobile phones infected? 
b How is spyware used in mobile devices? 


Adware 

Adware is a type of software that is designed to display 
targeted advertising on your computer. It does this by 
collecting data about your internet browsing habits. 
Adware can be legitimate, but it can also be illegitimate. 
Some program developers will justify the inclusion of 
adware in their product by claiming that it will generate 
revenue for them, keeping the cost of the product lower. 


Adware can be bundled in with legitimate software 
downloads. This means that you may end up with adware 
on your computer without actually asking to download 
it. This can happen when you are given the chance to 
customise what is downloaded. For example, there may 
be a hidden addition to the download of a task or search 
bar that is added into your current internet browser. You 
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can customise the download and uncheck the box so 
that you do not get the adware, but if you do not know 
to do this you may download it unknowingly. Once 
downloaded, the adware can prove difficult to delete as 
they do not normally have any uninstall feature. It may 
not act maliciously, but will often serve as a method of 
advertising for the company, or try to get you to use their 
search function. 


Adware as malware will present adverts when a user is 
browsing the web that are often shown constantly. They 
are normally in the form of pop-ups or windows that 
cannot be closed. They can often be very irritating. 


ES 


Figure 5.10: Adware. 


Minimising the risk of adware 

You may be happy to allow some adware to track your 
browsing habits online. This wii! allow you to see adverts 
for products that you might be interested in. You may 
not be happy to allow adware to make your browsing 
experience become very irritating by having too many 
adverts popping up on a constant basis. Therefore, you 
may want to be careful about what adware you allow to 
be installed on your computer. 


The most proactive measure you can take with adware 
is to make sure that you check exactly what is being 
downloaded onto your computer. Look at the list of 
component parts that will be downloaded and make 
sure that any that look like they could be adware (for 
example, a search bar or task bar addition to your 
browser) are not ticked. If they are present, untick them 
immediately before allowing the downioad to go ahead. 


Once downloaded, unwanted adware can be very 
difficult to remove. It may take several scans with an 
anti-malware software to detect and remove the adware. 


Rootkit 


A rootkit is a computer program that enables a person 
to gain administrator access to a victim’s computer. 
They are designed to stay hidden on a user’s computer 
and allow the computer to be controlled from a remote 
location. A rootkit allows the unauthorised user to do 
several criminal acts with the computer, such as hide 
illegal files on the computer, use the computer as part 
of a larger cyber attack or to steal personal data and 
information. 


Rootkits can get installed because a victim’s password is 
cracked or a vulnerability in the security of a computer 
system is exploited. The person installing it can then 
use the access to stop the computer recognising that 

the rootkit is there, so the victim will not know that 
someone else has complete access to their computer 
system. The rootkit will normally be buried deep within 
the operating system. This is so that it can try to avoid 
any detection by anti-malware software. Other malware 
can be incorporated into a rootkit that can then be 
concealed on the computer to cause harm. 


One very sneaky way that an unauthorised person can 
use to install a rootkit on a computer is by leaving USB 
memory sticks, infected with a rootkit, in places that 
they believe they will be found. They are relying on the 
curiosity of another user to insert the USB memory 
stick that they have found into their computer and 
therefore download the rootkit. 


An early rootkit example is NTRootkit. This was a 
rootkit that appeared in 1999 and was designed to 
infiltrate Windows operating systems. A rootkit that was 
designed to do the same with Mac operating systems 
didn’t appear until 10 years later. 


Figure 5.11: Rootkit. 
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Minimising the risk of a rootkit 

Rootkits are often instailed through your computer 
password being cracked, or by another means such as 
embedded in a software download or installed on a USB 
memory stick. 


It is advisable to have a strong password set for your 
computer to minimise the risk of it being cracked. A 
strong password should contain a random mixture of 
cheracters, numbers and symbols. It should not contain 
any data that could be connected to you or your likes 
and dislikes. It is also advisable to change your password 
on a regular basis in case it has been discovered. 


Previous advice should also be followed about making 
sure that software is only downloaded from trusted 

and reputable sources. You should also, under no 
circumstances, insert a USB memory stick that you find 
into your computer system. It may be tempting to see 
what it contains, but the risks that could be attached 

to inserting it into your computer are not worth the 
temptation. 


Removing a rootkit from a computer once it has been 
installed can be extremely difficult. It is software that is 
designed to be hidden and heavily relies on this feature. 
A rootkit may be detected by anti-malware, but this 

is highly unlikely. Often, one of the only ways to rid 

a computer of a rootkit is to completely uninsta!! the 
operating system. 


Question 


6 Rootkits can also be used a positive way. Find out 
how rootkits are used in connection with Digital 
Rights Management (DRM). 


Malicious bots 


A bot, short for robot, is an application that is 
automated and used to carry out simple and repetitive 
tasks. These are normally tasks that a human would 
find mundane and time-consuming. Bots can be used 
for very productive reasons, such as indexing a search 
engine, but they can also be used as a form of malware. 


Malicious bots are used by cybercriminals in a 
variety of ways: 


e SPAM bots are used to bombard people’s email 
inbox with SPAM emails. 


e Zombie bots are used to create a bot network. The 
bot will lay dormant on a computer until an attack 


is launched. The computer will then be connected 
with lots of other computers that have been 
compromised by zombie bots to launch a large- 
scale attack on an organisation. Bots connected in 
this way can be known as a botnet. 


e Chatter bots will pretend to be humans on sites 
such as social networking and dating sites. They 
try to emulate human interaction with the goal of 
obtaining personal data. 


e —- File-sharing bots will provide a search result 
for a user’s search request and offer a link for a 
file download. 


Bots often have worm-like capabilities because they can 
replicate and spread themselves. 


Figure 5.12: Bots. 


Minimising the risk of bots 

Bots are often embedded into links or software 
downloads and are often spread in the same way that 
phishing is carried out. Therefore, the same measures 
that can be taken to minimise phishing can be applied to 
bots. The best advice is not to click on any links without 
knowing who they are from and that they will link you 
to a trusted and reputable source. 


As bots can often be used in a chat situation, you should 
never give out any personal data when chatting online. 
Even if you feel this is in a private environment, one on 
one with a person, you should still never provide any 
personal data. If you are chatting to friends, you should 
agree to never request any personal data from each 
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other online. If you are chatting to what you believe is 
as friend, if you feel they ask you an odd question, or 
for personal data, then contact them by another means, 
such as calling them, and double check that you are 
speaking to your friend. 


If you suspect that you have downloaded a bot, anti- 
malware software can be used to detect and remove it. 


A firewall can also be used to detect the activity of a bot 
as it may recognise suspicious traffic created by the bot. 
However, if a bot is sophisticated and can disguise its 
communications as legitimate traffic, it will go unnoticed 
by a firewall. 


Question 


7 Bots can be used in both positive and negative ways. 


a How are bots used in a positive way as 
web crawlers? 


b How are bots used in a negative way in 
distributed denial of service (DDoS) attacks? 


Ransomware 


Ransomware is a type of malware that restricts a 
users access to their computer system and files. The 
ransomware will normally demand that the user pays 
a ransom in order to regain access to their computer 
system. Some ransomware programs will completely 
lock a user’s system, and some will encrypt all of the 
files on their system in a way that renders them useless. 
Ransomware will normally try to enter a system in 

a similar way to a Trojan. If the user doesn’t pay the 
ransom in a set amount of time, they risk losing their 
data forever. 


A well-known example of Ransomware is WannaCry. 
The unauthorised user demands that the infected user 
pays a $300 ransom. If the user does not pay within 
three days, the amount is doubled. If payment is not 
made within a week, the unauthorised user will delete 
the infected user’s files forever. 


The success rate of a person paying the ransom relies 
on the user’s attachment to the data that is stored on 
their computer. Users that do pay the ransom can often 
be exploited further and asked for a further payment to 
release their data. 


Figure 5.13: Ransomware. 


Minimising the risk of ransomware 


As ransomware is distributed in a similar way to 
Trojans, the same guidelines for minimising the risk of 
Trojans can also be followed. 


In addition to this, you can counteract the risk of losing 
your data in this type of attack by making sure that 

you have a copy of your data. If you create a separate 
back-up of your data, and keep this up to date, then the 
risk of losing your data in a ransomware attack becomes 
greatly reduced. This means that you can reinstate your 
data, if it is deleted. 


The risk of losing data can also be reduced by storing 
data in the cloud. Cloud systems often have a facility 
that can allow the user to roll back to a previous version 
of the data, so it can be reinstated if lost. 


Question 


8 A company can use a practice called principle 
of ieast privilege (POLP) to help keep data safe 
and secure. 


Find out what POLP is and how it can help keep 
data safe and secure. 


What kind of resources did you use for the 
research questions? 


If you used the internet, what kind of measures 
did you take to minimise the risk of malware? 
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EXAMSTYLE ayesan aA 


1 Identify three gvidelines that can help keep personal data safe. [3] 
2 Explain ore difference between phishing and pharming. [1] 
3 Explain two similarities between phishing and pharming. [2] 
4 Identity four different types of malware. [4] 
5 Describe how a firewall can be used to help prevent a virus infecting a computer system. [5] 
é Describe how spyware can be used to obtain 2 user’s password for an online account. [5] 
7 Rootkits can be used to allow an authorised person to hide illegal files on a user’s computer. 
a State what is meant by a rootkit. [1] 
b Explain how the risk of rootkits can be minimised. [2] 
c Identify two other malicious ways that rootkits can be used. [2] 
[Total 5] 
8 Ransomware can be used to prevent a user gaining access to their data. 
a State how ransomware prevents the user gaining access to their data. [1] 
b Explain two measures that can be taken to minimise the risk of ransomware. [2] 
[Total 3] 


SUMMARY CHECKLIST 


í can identify what is meant by personal data. 


I can understand the importance of keeping personal data confidential. 


i__] 


I can describe several guidelines that can help keep personal data confidential. 


I can explain how personal data is collected by unauthorised people, using practices such as phishing, 
smishing, vishing and pharming. 


I can describe how a range or malware operates. 


I can identify a range cf consequences of malware to organisations ard individuals. 


I can explain whit measures can be taken to minimise the risk cf 2ach type of malware. 
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In this chapter you will learn ow to: 


e recognise what is meant by the digital divide 


e recognise what causes the digital divide 
e identify the etiects of the digital divide and how these can ve reduced. 
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BEFORE YOU STARY 


e Do you know a range of digital technologies? 


e Do you understand that people have different living conditions that can depend on several factors, 


including location, demographics and the economy? 


Introduction 


You live in an ever-increasing digital world. The 

digital divide is therefore a complex and growing issue. 
The term refers to the technology divide between 
countries, demographic groups (particular sections of 
the population) and economic areas (areas defined by 
their production and use of goods and services). A lack 
of access to technology, such 2s mobile telephones, 
personal computers and the internet, is seen as an issue 
and a disadvantage because of the range of benefits that 
technology can provide. The digital divide that people 
experience can depend on several aspects, such as age, 
status and location. 


Aa a 


clemographic: a particular section of a population 


economic: considering a country in terms of 
their production and consumption of goods 
and services 


Groups affected by the digital divide: 


e people living in cities versus people living in 
rural areas 


e people educated in using technology versus people 
uneducated in using technology 


e older people versus younger people 


e areas that are more industrially developed versus 
areas that are less industrially developed 


e different socio-economic groups. 


All countries experience a digital divide at one level 

or another. At a national level, the digital divide 
describes the difference between those who have regular 
access to modern technology, and those who have the 
necessary skills to make good use of the technology. At 
an international level, the digitai divide describes the 
difference between developed and developing countries. 


Do you think there is anything that can cause a 
digital divide in your country? 


The digital divide maiters because those without access, 
and those without developed skills, are missing out on 
the many advantages the digital world can offer. 


Figure 6.1: The cligitally-connected world. 


me 
6.1 City versus rural 
living 
The geographical location of where a person lives can 
have an affect on their access to technology services. 


One aspect of this is whether they live in a city or a 
rural location. 


One of the main services that can be affected by 
geographical location is access to the internet. The 
infrastructure for the availability of broadband (a method 
of data transmission that is capable of transmitting a 
high level of traffic) and high-speed internet connections 
is much more developed in city locations than it is in 
rural locations. Why has this happened? 
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infrastructure: the facilities that are needed 
for the operation of a society, such as roads, 
buildings anc utilities 


broadband: method of data transmission that is 
capable of transmitting a high level of traffic 
te. T a a a) 


Figure 6.2: Countryside and rural. 


The most likely cause is linked to the higher 
concentration of people that live in a city, compared 

to a rural area. This means that the potential customer 
base for broadband providers is much greater in a 

city. This may mean that both the government and an 
internet provider are able to recuperate ihe costs of 
implementing more advanced infrastructure far quicker 
in urban areas than in rural areas. 


One issue that could be caused by a lack of high-speed 
internet access is a reduced level of enjoyment of online 
entertainment. People in rural areas may not be able 

to use the services offered by some online television 
broadcasting companies. Therefore, they may find they 
have other friends and family that are able to watch 
television shows and films they do not have access to, 
due to their rural location. This could result in a person 
feeling isolated, as they cannot have a conversation with 
friends and family about the television shows and films 
they are currently watching. 


Question 


1 a How could a lack of high-speed internet access 
affect a person’s ability to use online learning 


platforms? 


b How could this affect the digital divide 
between those living in a city and those living 
in a rural location? 


The issue of a lack of access to high-speed internet 
access can extend to mobile telephone internet services. 
In a rural location, a person may find that they have 
limited connection to 3G or 4G connections, or may not 
get any connection at all. 


Question 


2 a How could a lack of mobile telephone 
internet services affect a person’s ability to 


communicate with others? 


b What kind of services may they not be 
able to use? 


c How inight this lack of ability to communicate 
in certain ways make them feel? 


Real-life example 


Sofia lives in a rural area of Spain. Access to high-speed 
internet in her rural village is very limited. She is a 
furniture designer who works from home. 


Sofia currently creates her designs and sends them to clients 
using the internet. She would like to be able to video- 
conference with her clients because she feels this would 
provide her with a better platform to explain her vision. 
The internet speeds available to her, because of her rural 
location, will not allow her to use video conferencing 
technologies effectively. Sofia feels that this reduces her 
competitive advantage in comparison to other designers 
that live in the city, who have access to internet speeds 
that allow them to video-conference with their clients. 
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Reducing the digital divide in 
rural areas 


The quality of the infrastructure in rural areas could 
be improved. Many governments around the world are 
working with internet providers and offering incentives 
to improve the infrastructure in rural areas. 


In certain rural locations, the practicality of building 
infrastructure capable of high-speed internet, or even 
any internet access at all, can be very challenging. This 
is normally because the task and cost of buiiding the 
infrastructure needed is just so large. One solution 

to this is to use satellite technologies. This limits the 
amount of infrastructure that needs to be developed, 
whilst still providing access to the internet. 


Real-life example 


A report released at the India Mobile Congress 2017 
highlighted that oniy 16% of people in rural areas of 
India have internet access. The India government are 
looking into ways to improve this figure. 


BharatNet is an initiative of the government of India 
that focuses on developing infrastructure in rural India 
in order to provide affordable internet connectivity 

up to 20Mbps. They are planning to do this through 
increasing the infrastructure based on fibre optic 
cabling. They are also planning to deliver access through 
satellites in approximately 5300 locations. 


Figure 6.4: Building digital infrastructure. 


Imagine you are a government technology 
representative for your country. You have been 
tasked with improving internet access in rural 
areas of your country. 


Work with a partner and create a presentation 
that highlights your plan for improving internet 
access in rural areas of your country. Your 
presentation should also include the advantages 
that such acess will provide. 


6.2 Technology educated 
versus technology 
uneducated 


Using technology can be complex. Different types 

of technology have different interfaces and different 
methods for use. Without a certain level of education in 
how to use technology, it can often seem very daunting. 
This can begin to make those who are not educated in 
using technology very uncomfortable. 


Many companies now have online systems that allow 
people to buy products, book tickets or book services. 
This may seem simple and convenient for people who 
are educated in using icchnology and are confident in 
navigating the systems. However, for those who are not 
educated in using these systems it can seem frustrating 
and people may miss out on opportunities. 


There may be several different reasons why people are 
not technologically educated. It may be that they do not 
have much access to technology and therefore do not 
have much experience in using it. Some people simply 
do not have an interest in using technology, but they are 
sometimes forced to use it to be able to access certain 
products and services. 


Have you ever had to help someone who has 


little or no experience or education in using 
technology to use it? What did you notice about 
their manner and reaction to the technology? 
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Question 


3 Think of two advantages that people who are 
educated in using technology may have over those 
who are not educated in using technology. 


Real-life example 


Zhen wants to buy tickets to see her favourite band in 
concert. Tickets go on sale on a Friday morning and 
are only available online. Zhen has never used an online 
ticket booking system before and feels very nervous 
about doing so. She would much rather be abie to ring 
the venue and purchase tickets over the telephone, but 
this option is not available. 


Zhen doesn’t have a computer, so she goes to use one 

in a local coffee shop, to purchase tickets online on the 
Friday morning. Zhen struggles to navigate the booking 
system and by the time she has managed to get to trying 
to pay, all the tickets have sold out and there are no 
more tickets available 


Zhen was unable to buy the tickets to see her favourite 
band because she did not have the education in 
technology and experience needed to navigate the 
ticket system. 


Figure 6.5: Buying online. 


Reducing the digital divide 
with the technologically 


uneducated 


One effective way of reducing the digital divide with 
the technologically uneducated is to provide accessible 
technology courses in local communities. This is often 


offered as a service by colleges, schools and libraries. 
Courses can be offered for free, or at a low cost, that 
people can attend to improve their education in the 

use of technology. This will allow people to learn with 
others who are of a similar level to them, so they do not 
feel too uncomfortable. They can also have a teacher 

or leader who will help them with any problems they 
have. People can then use the skills they learn to use 
technology to their advantage in the future. 


Real-life example 


Pakistan are offering a 12-week course to its citizens 

for learning skills in everyday software. The course is 
provided as a collaboration with the Virtual University. 
The course will provide people with basic knowledge on 
everyday software and also a better understanding of 
using the internet for communication. 


This education will provide Pakistani citizens with a 
basic education in the use of technology and allow them 
to feel more comfortable and confident in their skills. 
The country believes this will help its people be more 
competitive in an advancing digital world. 


Figure 6.6: Virtual education. 


6.3 Older people versus 
younger people 


Technology has developed a huge amount over the last 
50 years. This means that some people have grown up 
with technology as an mtegral part of their life, and 
others have witnessed the development of technology, 
along with experience of a world without it. 
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Some younger people have only ever known the use 
of smart phones and the internet. This means that 
social media has been their main understanding of 
communication with the outside world. Some older 
people have known other methods of communication 
and may have preferred those, but this group are now 
finding that older methods of communication are 
becoming increasingly dated. This can cause a divide 
in the ability of a younger and an older generation to 
communicate. 


Younger people may feel much more confident using 
technology as they have far more experience with it. It 
is often just their ‘go to’ resource for many aspects of 
their life, including communication, entertainment and 
research. Older people may feel less confident about 
using technology because they have experienced a world 
before smart phones and the internet and have used 
alternative methods. These include a landline telephone 
for communications, written letters using the postal 
service and using libraries for research. 


As older people have known other methods, this can 
cause resentment if they are presented with the need 

to use technology to complete a task. They may feel 
that the use of technology makes the task much more 
difficuit and this can also affect their confidence in using 
technology for other tasks in the future. 


PRACTICAL ACTIVITY 6.02 


Make it your mission to help an older member 
of your family, or an older family friend, do 
something that they have never done using 
technology. This could be as simple as sending 


a message, watching a video online, or showing 
them how to research a topic they love, using the 
internet. Ask them why they have never used the 
technology betore and ask them how they felt 
about using it to complete the task. 


Question 


4 To gain an understanding about how younger 
and older people may complete tasks, copy and 
complete the following table about pre-available 
technology and post-available technology for 
completing these tasks. 


Writing them 
a letter and 
sending it by 


Sending a list 
of places you 
want to visit, to 
a friend. 


Sending 
them a text 
message. 


Arranging to 
meet a friend 


Researching 
recipes for your 


favourite food. 


Finding out how | 
much money is 
left in your bank 
account. 


PRACTICAL ACTIVITY 6.03 


Think of three ways that you could pitch using 
technology to an older person. Think of how the 
technology would benefit them and how you 
would gain their confidence in its use. 


Real-life example 


Jack is an elderly gentieman who needs to attend several 
hospital appointments. The hospital has a brand-new 
technology that collates all the data about appointments 
at the hospita! and sends out reminders to people who 
need to attend appointments. The previous system 

was to send a letter to people reminding them of their 
appointment. 


Jack has a mobile telephone that his daughter bought 
for him. He doesn’t know how to use it though, other 
than to make a telephone call to his daughter. Jack 
keeps receiving text messages from the hospital about his 
appointments. The messages ask him to reply if he will 
still be attending the appointment. Jack doesn’t know 
how to reply to the messages and this makes him very 
worried that he will lose his hospital appointment. Jack 
doesn’t know who to call at the hospital to say he will 
still be coming to his appointment, there is no telephone 
number to do this. Jack is already worried about needing 
to go to the hospitai and now he is even more worried 
because of the messages. He wishes they would just go 
back to the old system and write to him. 
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Reducing the digital divide 
between younger and older 
people 


One of the biggest barriers to older people using 
technology is likely to be their fear of it. They will have 
more familiar ways to do things with which they are 
comfortable. They may feel that they are too old to 
learn how to use technology and see it more of a young 
person thing. 


What they may not see is that the use of technology can 
be hugely beneficial to older people. One of the things 
that can happen with older people is that as they become 
less mobile and are able to go outside their home less 
frequently they can start to become cut off and feel 
isolated. By being able to use platforms such as social 
media, they can improve their feelings of isolation and 
have regular contact with their friends and family. 


Incentives to get older people to see the advantages of 
technology are developing in many countries. 


Real-life example 


Singapore is a country that are trying to encourage their 
older generation to see the advantages of technology. 

2etirement villages are built incorporating several 
different technologies so that older people who live there 
can experience how the technology can benefit their 
lives. Sensors can monitor a patient’s health and doctors 
can take advantage of the high-speed broadband to 
make video-conference calls to check in and look over 
the elderly, who find travel to a clinic difficult. 


Additionally, initiatives have seen many public buildings, 
such as libraries and community centres, offering free 
internet access to the elderly in the hope of encouraging 
them to get online. The country sees the internet as 
integral to economic and social success and is striving to 
reduce the gap for all its population. 


Figure 6.7: All-age technology. 


6.4 More industrially 
developed areas 
versus less industrially 
developed areas 


The parts of the world that have greater access to 
modern technology are the USA, Europe and northern 
Asia. These areas mostly consist of developed countries. 
Areas where access is more restricted are in some parts 
of Africa, India and southern Asia. These are areas 
that have countries that are less industrially developed. 
Access to technology may be less in these areas because 
the countries are having to use their financial resources 
to provide more important services and do not have the 
funds available to concentrate on the development of 
their technology services. 


The start-up costs for these countries to build the 
infrastructure would be very great. However, not having 
the same access to technology and the internet could put 
them at both a competitive and economic disadvantage. 
They may not have the ability to trade using modern 
technologies and therefore cannot access the same 
customer and supplier base as businesses in developed 
countries. It may also affect the level of education that 
can be provided as there may be a wealth of information 
unavailable to them that is accessed using the internet. 
This can have an tmpact on both the education and the 
skill level of people in those countries and prevent them 
from competing on an international level. 
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PRACTICAL ACTIVI 


Business and education are two areas that could 
be affected by a digital divide in respect of the 
industrial development of a country. With a 
partner, think of one other area that could be 
affected and discuss what impact this could have 
on the country. 


SCN 


PRACTICAL ACTIVITY 6.05 


How aware are you of the infrastructure in your 
country? Make a list of the facilities that you think 
your country provides. Use the internet to see if 


you are correct and to see what other facilities it 
provides. Do further research using the internet 
to find out what future plans your country has to 
improve its infrastructure in terms of technology. 


Real-life example 

Elinah lives in a village in Kenya. She makes beautiful 
woven baskets that can be used for a range of purposes, 
including storage of items and as a plant holder. Elinah 
selis her products to local customers and tourists. The 
tourists often say to her that they wish they couid buy 
her products online. 


Elinah would like to be able to sell her products online. 
She knows how to set up a website and distribution 
channel, but the internet access to her village is very 
limited, meaning that she cannot be effective in running 
an online business. Even if Elinah moved to a different 
location, access to the internet in her country is limited 
in many places, although it is improving. 


Reducing the digital divide 
in less industrially developed 
areas 


The internet has become one of the most fundamental 
global infrastructures. Those with limited access to the 
internet often find it difficult to access the benefits of 
the internet. 


Satellite technology may assist remote areas to access 
the internet. Large companies plan to implement 
satellite technologies that allow such areas better access 
to the internet. 


Governments in many less industrially developed areas 
try to promote the business and products that they could 
offer if they had better infrastructure and access to the 
internet. They hope that other countries will invest and 
help the country to build the necessary infrastructure. 
These coordinated efforts can benefit the world on a 
global scale. 


Real-life example 


A developing method of accessing the internet is called 
TV white space. This technology uses unused channels 
in radio frequencies within the range that is normally 
used for broadcasting television. 


Microsoft have an initiative called the Affordable Access 
Initiative that is making use of the TV white space 
technology to provide internet access to developing 
parts of the world. One example of this is to provide 
access to the internet in solar powered internet 

cafes in Kenya. 


This technology is allowing more access to be developed 
in countries that lack the infrastructure, because it is 
removing the need for the traditional infrastructure to 
be put in place. 


Figure 6.8: Access to technology. 


6.5 Different socio- 
economic groups 


The digital divide between different socio-economic 
groups often revolves around cost. Richer people can 
afford higher-speed internet connections and expensive 
advancements in technology. This can mean they have 
a better standard of living, due to an increased level 
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of experience, as they have access to higher quality 
entertainment, a wealth of information and the level of 
convenience that technology can bring. 


The lack of access to information can greatly impact 
the poor. It is often people in poorer circumstances 
that would benefit from the education that access to 
services such as free online learning platforms would 
provide. The lack of access to this kind of service can 
create a greater digital divide between the rich and the 
poor. Education in poorer communities can often be 
an important way of improving the socio-economic 
circumstances. Therefore, greater access to online 
learning platforms could help rectify this. 


Questions 


5 How could the ability to access free online learning 
platforms improve circumstances for those in 
poorer communities? 


6 How could access to high-speed internet 
connections for entertainment purposes improve 
the lifestyle of a person? 


Real-life example 


Taliya is a film studies student. She has high quality 
recording equipment, a 4K monitor and a high spec 
computer system at home. She really enjoys recording 
scenes for her movie projects and editing them on her 
computer system at home. 


Jane is also a film studies student. She is becoming 
increasingly frustrated by her course as she has to film 
and edit all her movie projects on her low spec mobile 


Figure 6.9: Video recording. 


a) 


telephone. She feels that she could produce much better 
work, and enjoy her studies much more, if she had 
access to a better computer system to edit her work. 


Reducing the digital divide 
in different socio-economic 
groups 


Many countries are developing initiatives that provide 
technology at a subsidised rate or even for free to those 
in poorer communities. This is helping close the digital 
divide by giving those who would not normally be able 
to afford those technologies access to the advantages 
that the technologies can provide. 


Many organisations are starting to work together to 
provide the internet in developing countries. Large 
organisations, such as Facebook and Google, are 
working with internet service providers to implement 
facilities, such as Wi-Fi hotspots, that can be used to 
bring internet access to these countries at a lower cost. 
The larger organisations will collaborate in this way 
as it can help bring them a wider customer base and 
therefore generate more profits. 


Real-life example 


One Laptop Per Child is an initiative that helps provide 
technology to poorer and developing communities. Its 
primary goal is to improve the education for children 
by enabling those in low-income communities to have 
access to a laptop and the benefits that brings. 


The initiative has been running since 2005 and continues 
to provide laptops to low-income communities around 
the world, including the USA, Rwanda, Paraguay, 
India, Nepal, Kenya and Peru. Some of the original 
organisations that funded the initiative are AMD, 
Google and Quanta. 


How does the existence of a digital divide make 


you feel? What do you think you can do about 
the digital divide? 


ae 
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EXAM-STYLE QUESTO 


1 Define the terin ‘digital divide’. [1] 
2 Identify two aspects that can create a digital divide. [2] 
3 Explain the impact of the digital divide on a person’s geographical location. [4] 
4  Expiain how a person’s education can be affected by the digital divide. [4] 
5 


Explain two strategies that can be implemented to reduce the digital divide. [4] 
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BEFORE YOU STAR® 


e Do you know that computers can be used to aid decision making? 


e Do you know what is meant by a database? 


Introduction 


You spend your life developing your knowledge, 
thinking and making decisions. Decisions are 
fundamental parts of life. It is also possible to 
develop systems to aid this process and they are called 
expert systems. 


An expert system is a computerised system that attempts 
to reproduce the decision-making process of an expert 
human being. The person who designs and develops an 
expert system is called an expert system engineer. They are 
designed to try and replicate the judgement of a human 
that has expert knowledge in a certain field. By doing this 
they can be used to replace or assist a human expert. 


Figure 7.1: Thinking about decisions. 


An expert system consists of several components. 
These components include: 


e auser interface 

e aknowledge base 

e an inference engine 

e aknowledge base editor 
e an explanation system 


e method of output, e.g. screen. 


An expert system operates by prompting the user to 
enter certain data using the user interface, referring to 
the knowledge base and using the inference engine to aid 
the decision-making process it is designed to simulate. 


Expert systems are versatile and can be used in a range 
of different applications. Expert systems can be used as 
a diagnostic tool, in financial planning and risk analysis. 
Expert systems can even be used for a more fun purpose, 
such as a challenging chess opponent. They are also a 
form of artificial intelligence which is a computer system 
designed to simulate human intelligence. 


artificial intelligence: a computer system 
designed to simulate human intelligence 


7.1 Components of an 
expert system 


User interface 


The user interface is the way that a user interacts with 
the expert system. This could include using a keyboard 
to enter criteria into text query boxes, or choosing 
options by pressing offered choices on a touch screen. 


The user interface will guide the user about what data 
they need to input into the expert system and will then 
display any output from the expert system. 


Without the presence of a user interface, a user would 
need to know how to program each of the interactions 
they want to make with the expert system. The quality 
of the design of a user interface is very important. 


Question 


1 What could happen if the user interface design for 
the expert system is poor? 


NN G O O 
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Figure 7.2: Touch screen interface. 


Knowledge base 


The knowledge base is a database of related information 
about a particular subject. It allows the storage and 
retrieval of the knowledge required for an expert system 
to operate. 


When an expert system is developed, several experts will 
be interviewed and asked to contribute the knowledge 
they have of a given field. This knowledge is then used 
to butid a database that is the knowledge base for the 
expeit system. The developers will want two types of 
knowledge from the experts, factual knowledge and 
heuristic knowledge. Factual knowledge is knowiedge 
that is definitive and widely shared amongst experts 

in the field. Heuristic knowledge is knowledge that is 
acquired through personal experiences and built on 
reasoning. 


Part of the knowledge base is the rules base. The rules 
base is a set of rules that wili be used to produce an 
output or decision by the expert system. These rules are 
used by the inference engine as a base for reasoning, to 
obtain a solution to a problem or a decision. Each rule 
will contain two parts, the IF and the THEN. A rule can 
also have multipie IF parts that will be joined together 
by Boolean operators including AND and OR. 


9 Q 


knowledge base: a component of an expert 
system that stores the knowledge provided 
by experts 


rules base: a part of the knowledge base that 
contains all the rules to be analysed by the 
expert system 


A simple exampie of a rule could be: 
IF a > b AND a > c THEN highest = a 


Figure 7.3: Experts pooling knowledge. 


The knowledge base should be a dynamic resource, 
therefore the expert system needs to have a knowledge 
base editor. The knowledge base editor allows the 
knowledge base to be edited and updated when 
necessary. 


knowledge base editor: a component of an 


expert system that is used to amend or update 
the knowledge base 


Question 


2 What couid happen if the expert system did not 
have 2 knowledge base editor? 


Inference engine 


The inference engine is the part of the expert system that 
makes judgements and reasoning using the knowledge 
base and user responses. It is designed to produce 
reasoning based on the rules and the knowledge base. 


It will ask the user questions and, based on their answer, 
it will follow a line of logic. This may then lead to 
further questions and, eventually, to a final result. 


The inference engine is mostly a problem-solving tool. It 
organises and controis the steps to providing the desired 
output. There are two main methods that an inference 
engine can use to simulate reasoning, these are backward 
chaining and forward chaining. 


Nn l 


113» 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


Backward chaining is based on goal driven reasoning, 

i.e. is dependent on a finding a desired goal. This type 

of chaining is used when the possible outcomes are 
limited and definitive in nature. In backward chaining, 
the system tries to take a goal and repeatedly split it into 
sub-goals that are simpler to achieve. The nature of this 
type of systein is that it moves backward from the goal to 
be achieved, using the sub-goals to inform the next piece 
of data that is needed by the system, to reach a goai. 


A simple diagram that represents the process of 
backward chaining would be: 


Sub-goals «———————- Rules —_--— Goal 


Figure 7.4: Backward chaining. 
Forward chaining is based on data driven reasoning and 
is dependent on the data that it is provided with. This 
type of system is used when a problem is more open 
ended, and the outcome is not necessarily definitive in 
nature. The system will take data input by the user and 
move forward from rule to rule to suggest a possible 
outcome. It will take the data input by a user, then move 
from rule to rule to find one where the clause for the 
data input is true. It will then ask the user for more data 
and repeat this process until it can suggest an outcome. 


r 


backward chaining: breaking a goal down 
into sub-goals that allow the system to work 
backward from the goal 


forward chaining: a system that moves 
forward from rule to rule until it reaches a 
possible outcome 


goal driven: a system that is dependent on a 
finding a desired goal 


data driven: a system dependent on the data 
that it is provided with | 
ee 


A simple diagram that represents the process of forward 
chaining would be: 
Data ———————» ules ——x Outcome 


Figure 7.5: Forward chaining. 


Explanation system 


The conclusion or decision the expert system provides 
may not always be an obvious choice to a user. The 
user may want to gain an understanding of how the 
conclusion or decision was determined. In order 

to allow this facility, some expert systems have an 
explanation system built into them. This will provide an 
explanation of the reasoning process and show how the 
output given by the system was achieved. 


explanation system: a component of an expert 


system that provides an explanation of how an 
outcome was achieved 


Method of output 


The output method is the method the user will use to 
view any results produced by the expert system. This 
will often be in the form of a display screen that will 
allow them to see the results on screen, or may include 
an output, such as a printer, that allows the results to be 
printed and viewed. 


7.2 Are expert systems 
useful? 


There are several advantages that can be gained from 
using an expert system. 


Expert svstems: 


e can provide answers to questions that are outside 
he knowledge that you currently have 


e can aid professional people by prompting them and 
guiding them to look at areas of knowledge they 
may not have considered or remembered 


e are consistent in the responses they produce as they 
are arrived at in a logical way 


e can be used at any time, so you do not need 
to contact another person who may have the 
knowledge at an unsuitable time 


e can sometimes arrive at a solution to a problem 
quicker than a human would. 
There are clear advantages to using an expert system, 


however there are also disadvantages to using 
them as weli. 
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Expert systems: 

e donot have the intuition that humans have. This 
means that their response can only be a logical one 
and may not be useful. 


e are only as good as the rules and data they are 
provided with. If there are errors in the data or 
rules, then this will produce incorrect results. 

e are expensive to create. Many experts need to be 
consulted and a high level of skill is required to 
build the component parts. 

e cannot adapt a great deal to their environment and 
may require the knowledge base to be edited in 
order to do this. 


Questions 


3 Think of a scenario in which an expert system 
would be an advantage. 

4 Think of a scenario where an expert system would 
not be very suitable. 


: | 
Do you think you have ever used an expert system? | 


© etl sesame nanan, 7 2b 


7.3 How are expert 
systems used? 


Expert systems are used by many individuals and 
organisations for a variety of different reasons. 
These include: 


e medical diagnosis 

e car engine fault diagnosis 

e adigitai opponent in games such as chess 

e providing financial planning and investment advice 
e providing insurance planning advice 

e plant and animal identification 

e planning and scheduling routes for delivery vehicles 
e mineral prospecting. 


Medical symptoms 


The organisation WebMD have a website that offers a 
medical expert system called ‘symptom checker’. It asks 
the user a series of questions about the user’s symptoms 


and then provides possible conditions that match the 
symptoms. it lists the possible conditions in order, 
starting with the one it finds to be the closest match. 


Bers An 35 a H mi TEIT 


FEMO Syretem Checker 


loeclils come Sarl le orl re | TAAT eae as sg 


Then. feed em, eps weal aha, Hie allt ~ 
azp Gerke 
| Hi bo 
wks 


Do you think a medical expert system will be 

a data driven or goal driven expert system? 
Discuss with a partner your thoughts about which 
it could be and why. 


Question 


5 What could be the benefits and the disadvantages 
of people using on!ine self-diagnosis systems? 


Car engine fault diagnosis 


Most modern cars have an abundance of technology 
built into them. Car mechanics will often be very 
knowledgeable about the mechanical parts of the car, 
but they may not have as much knowledge about the 
modern technology. 


The cars often have a system of symbols on their 
dashboard that light up when an issue is detected in the 
car, such as a problem with the engine. The driver of the 
car sees the engine symbol light up and this shows that 
the car may need to be taken to a garage. 


When the driver takes the car to a garage, the mechanic 
plugs the expert system into the car engine. The expert 
system then interrogates the engine management system 
to discover all the information available about the fault, 
so that it can provide a diagnosis. The expert system 
provides a list of possible diagnoses to the mechanic, 
who can then use their knowledge to fix the car. 


NO 
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Find out what Deep Blue was developed to do 
after its chess victory. 


PRACTICAL ACTIVITY 7.03 


Find out about another chess playing system 
called AlphaZero. 


Figure 7.7: Car fault warnings. 


Chess player 


One of the most famous examples of an expert system 
used as a chess player is a computer called Deep Blue. 
Deep Blue was developed by the organisation IBM. 

On 11 May 1997, Deep Blue beat the world champion 
chess player Garry Kasparov. The victory received press 
coverage around the world, as people were amazed 

at the abilities of the computer. The success of Deep 
Biue inspired computer scientists around the world to 
develop the abilities of expert systems much further. 


People were quite sceptical about the victory of Deep 
Blue. They could not believe that a computer could play 
with the capabilities that it showed. It was one of the first 
realisations that computers had great capabilities when it 
came to simulating thinking. This scared some people. 


Deep Blue is now stored in the Smithsonian Museum in 
Washington DC. 


Figure 7.8: Computer chess master. 


fF UN 
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Financial planning 

Expert systems can be a very useful tool in financial 
planning. They can help individuals on a small scale or 
companies on a large scale. They can create a financial 
plan or assess what financial actions need to be taken to 
achieve a desired outcome. 

They can help people to: 

ə manage their debt 

e organise their investments 

e reduce their taxes 


e plan for retirement. 


A user enters information about their financial situation 
and personal circumstances. The expert system will then 
produce a financial plan, or a list of possible outcomes, 
based on this information 


Figure 7.9: Financial planning. 
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PRACTICAL ACTIVITA 


Find out how investment companies use expert 
systems for invesiment analysis. 


Insurance planning 


Many insurance company websites use an online expert 
system so that users can quickly see if the company has 
a policy that would be suitable for them. The system 
will ask a user for their circumstances and it will then 
provide a result to say whether the insurance company 
would be willing to give the user an insurance policy. 

If the expert system is able to match their data to a 
possible policy, it will inform the user with details about 
the policy, such as how much it will cost and what 
benefits it will provide. 


Question 


6 An insurance company offers life insurance policies. 
What kind of questions do you think the expert 
system will ask in order to establish whether an 
insurance policy would be issued to a user? 


Plant identification 


A website called Botanical keys allows users to enter a 
range of characteristics about a plant. It mostly covers 
plants in the UK and Ireland area. 


The website takes the data input about the plant and 
analyses it against its rules and knowledge base. It then 
tells the user what kind of plant it could be. 


A user could find out what kind of plant is growing in 
their garden, or try to discover the type of plant they 
have seen when on a walk. 


TICAL ACTIVITY 7.05 


Try using the ‘Identify a plant’ expert system on 
the Botanical Keys website. You can think about 


a particular plant, or just enter some random 
| criteria, and see what the systems suagesis. 


Figure 7.10: Identifying plants. 


Question 


7 What kind of questions would an expert system ask 
in order to identify a type of animal? 


Planning a route for a delivery 
company 


Delivery companies can use expert systems to find out 
the best route for a delivery driver for all the deliveries 
the driver needs to make on a given day. 


Each of the deliveries the driver needs to make is put 
into the system. The system then outputs a route that 
will be the most efficient route for the driver to follow, 
in terms of time or fuel used, etc. to make each delivery. 
It may request further information, such as the type of 
delivery vehicle and how long each delivery will take. 
The system may make further recommendations about 
how many drivers are needed to deliver all the parcels 
that day and what kind of vehicle each driver will need 
to take for the parcels they need to deliver. 


It is likely that an expert system could work out this type 
of outcome quicker than a human, due to the amount 
of data it is likely to handle, especially in large delivery 
companies. 
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PRACTICAL ACTIVI 


Do you think route planning will be a data driven 
or goal driven expert system? Discuss with a 
partner your thoughts about which it could 

be and why. 


Figure 7.11: Route planning. 


Mineral prospecting 


Minerals can be very precious, and geologists can spend 
a long time trying to source them. An expert system 


called PROSPECTOR was one of the first expert 
systems developed to aid geologists in exploring for 
minerals. Digging for minerals can be very expensive, so 
companies want to be sure that minerals will be present 
when they break ground. PROSPECTOR can be used to 
calculate the probability of minerals being present in a 
certain location. 


Figure 7.12: Prospecting. 


REFLECTION 


How do you feel about the use of expert systems 
to make decisions, or for planning, in your life? 


vi 


1 Identify the name of the component in an expert system that stores the data required for the system 


to use in decision making. 


[1] 


2 Identify the name of the component in an expert system responsible for reasoning and judgement. [1] 
3 Explain the role of an expert system. [2] 
4 Describe the concept of forward chaining. [3] 
5 Identify the type of problem for which backward chaining would be more suitable. [1] 
é Explain two scenarios where an expert systems can be used. [4] 
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By the end of this chapter, you will be able to: 


0 create structure 


e create page/screen structures to meet the requirements of an audience and/or task 
specification/house style 


e create/edit spreadsheet structures 
e protect cells and their content 
e freeze-panes and windows 


e create formulas ana use functions 
e — use forminas 
e use absolute reference, relative reference, named celis, named ranges 
e know and understand why absolute and relative referencing are used 
e use functions 


e use validation rules 


e create formatting 
e format cells 
e format cell emphasis 


e testa spreadsheet structure: 
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8 Spreadsheets 


Do you know that spreadsheets can be used to manipulate numbers, perform calculations, present 


summary data and make predictions? 


Are you able to create a basic spreadsheet structure using celis, rows and columns? 


Do you understand the purpose of cells, rows, columns and ranges within worksheets? 


Introduction 


A spreadsheet is a software package that organises 
data in rows and columns. There are many actions that 
a spreadsheet can perform on the data, these include 


carrying out calculations and creating charts and graphs. 


spreadsheet: software tnat can organise, analyse 


and manipulate data that is organised in a grid of 
rows and columns 


8.1 Create a spreadsheet 
structure 


Page and screen structures 


Pages within a spreadsheet can be formatted in a variety 
of ways as shown in Table 8.1. 


You need to consider the needs of the audience when 
formatting pages or screens. If the person reading 
the document doesn’t need to view all the data, then 


consider hiding columns or rows. If fitting all the data 
onto one page will make it too small to read, then 
consider fitting the data to spread across more pages. 
Reducing margins can enable more data to fit on one 
page, but consider whether a space is needed for hole 
punches, making notes or binding in a book. If a 
spreadsheet is to be prinied across several pages, then 
including the title of the document and the page number 
in a header or footer will help the audience to follow the 
document in the correct order. 


ACTIVITY 8.01 


Open 8.01 Page Formatting.xls which currently 
requires 20 pages to print. 


1 Adda header of ‘Chapter 8 figure list’. 


2 Remove gridlines from printing and also on 
the sheet view. 


3 Remove row and column headings 
from printing. 

4 Add a footer of ‘Page # of n’ where # is 
the current page number and n is the total 
number of pages. 


5 Change the settings described so that the 
document tits onto just three pages. 
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The size of paper to print on (e.g. A4, Letter) can be set as weil as the orientation (portrait or 
landscave). It's also possible to decide whether to print aridlines for all the cells (rectangles within 
a spreadsheet where data can be positioned), whether to include row and column headings and 
whether certain rows will be repeated at the top of each page. 


i Sometimes large spreadsheets cover severa! pieces of paper. In order to make it easier to follow 
the data and save paper, it is possible to set the spreadsheet to fit a specific number of pages. 
Options include, fit all columns on one sheet, fit all rows on one sheet, fit the sheet to one page 
or fit the sheet to a specified number of pages across and down. 


The top, bottom, left and right margins can be adjusted to provide space at the edges (e.g. 
for hole punches) or to reduce the space at the edge and provide more space on the paper for 
printing. 4 

Information can be included at the top and bottom of each printed spreadsheet. This could 
include the title and author of the document, page number, file name and date. 


Table 8.1: Formatting pages. 


Create and edit spreadsheet 


cell: a single unit/rectangle of a spreadsheet structures 
formed at the intersection of a column and a 

row where data can be positioned; its reference 
(name/address) is based on its column and row | 


It is possible to add rows and columns by inserting 
them. Rows are inserted above existing rows and 
columns are inserted to the left of existing columns. 
Rows and columns can also be deleted. 


WORKED EXAMPLE 8.01 


In this example, you can see the option to insert a row Now you can see the effect of having added the 
which will be inserted above row 3. new row. 


A B C D 


zw, 
S 


A B C D 


BRWN = 


Insert 7 B 
Insert ———_ 


O Shift cel 


OK Cancel 


N OW PWN 


ON AD WN 


Figure 8.1: Inserting a row. Figure 8.2: An inserted row. 


Rows and columns can be resized. Rows can be made taller or shorter and columns can be made wider or narrower. 
Rows are resized to enable different sizes of text to fit or to allow multiple lines of text within one cell or row. Columns 
are resized to allow more data to fii in the column or to save space by narrowing the column. 


=o A 
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The rows and columns in this spreadsheet have been 
resized. 


A B C D 


Figure 8.3: Height and width resized 


e UN = 


o NOU 


It is possible to hide a row or coiumn. Rows or columns are 
hidden because they may contain information that does not 
need to be seen by the user or they may contain private or 
confidential data that should not be seen by the user. 


WORKED EXAMPLE 8.03 


Here you can see the process of hiding column C 


© NOU AUN = 


Figure 8.4: Hiding a column. 


Now you can see that column C has been hidden. 


A B D 


Figure 8.5: Hidden column. 


AN AUN FWY = 


eS 


Sometimes it can be useful to merge two cells together. 
Merging multiple cells will create a single cell with the 
cell reference being the original upper-left cell of the 
merged cells. 


h WORKED EXAMPLE 8.04 


8.02 Merging.x|xs cells has a title of ‘Staff Hourly 
Rates’ in cell Al. 


Staff Hourly Rates 


intermediate Junior 
Ë 10,50 £ 6.50 


Figure 8.6: Hourly rates. 


The data is in cell Al but overflows into cell B1. Cell 
Ai has been shaded. Cells Al and B1 can be merged 
so that it is one single cell as shown in Figure 8.7. 


Intermediate Junior 


£ 10.50 £ 6.50 


Figure 8.7: Hourly rates merged. 


Cell B1 no ionger exists as the space is used for the 
larger cell A1. 


“PRACTICAL ACTIVITY 8.02 

Open 8.03 Rows and Columns.xls. 
Insert a row above row 5. 
Delete column C. 
Increase the height of row 1. 


1 
2 
3 
4 Decrease the width of column B. 
5 Hide rows 2 and 3. 

6 


Merge cells A4:C4 to become a single cell. 
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Protect cells and their content 


Depending on the software being used, different parts 
of spreadsheets can be secured in a variety of ways. The 
simplest form of security is to protect a whole workbook 
from having any new worksheets added or existing 
worksheets removed. 


amed Stuctueand Windows > ME 


Protect werthask Por 
[H] runur 
indie 


Faeneced joptionals 


ok Cancel 


Figure 8.8: Workbook protection. 


Following on from this, it is possible to protect a 
worksheet from having any changes made to it. 


ORKED EXAMPLE 8.05 


a 
in this example, the worksheet is protected to the 
extent that no changes can be made to any data and 
no data can be selected. No columns can be added 
and no rows can be added. Cells and rows cannot 
be formatted. This is useful if the whoie worksheet 
contains just output data or a data table. 


EN 


[H] Protect worksheet and amin ps ke cells 


Protect Sheet 


O Pane ducenprobect ab, 


filer ak users of hir yorkoneek ty; 


a aT 
A Selec unlia rela 


| Formal iela 
I Forat coiurins 
[Pormat rows 
| li (nner cok 
IL. riset raw 
b jha nt bypendinks 
[Delete raherra 
| IE Delala rovi x 


| Di Care 


Figure 8.9: Worksheet protection. 


It is also possible to protect a worksheet but allow the 
user to change certain cells within that worksheet. This 
enables a developer to protect all the formatting, titles 
and structure but allow the user to enter and change 
input data. To do this, cells that may be edited must be 
unlocked prior to protecting the worksheet. It is then 
necessary to protect the sheet but allow unlocked cells to 
be selected. 


WORKED EXAMPLE 8.06 


In this example, the commission and prices can be 
changed by the user so those cells have been set to be 
unlocked. 


earn Cay ‘Ee 
hep iya ee Pa Learn 
|e 
Far i 
tector gor Ag ag beeen in eee rn cand d gone peered ey ems art Biren a 
ergs va ~ 
= ma 


Figure 8.10: Unlocked cell. 


Now that those cells have been unlocked, the sheet can be 
protected and only the unlocked cells can be selected. 


’ Ea 
i Pence woreheek and eombecce rd lacked relh 


Esran ta upreti aie, 


Protect Sheet 


Alre al coer of Hun oes eet bs: 
heme HELE ioken ces A 
La 
lF ceili 
1 [Fem kmn 
l Fone a 
| [need rahne 
PaE toeits 
[insert Paper imor 
Læ Helete: cuns 
) Delete mra: bi 


OF, | Cancel 
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Cells can also be protected so that the formula cannot be 
seen by a user. This may be used to prevent users from 
seeing how certain coniidential calculations are made 
but still letting them sce the results of the calculation 
based on changing input data. 


= 


formula: a mathematical calculation using +, 
| -xoret 


v 


WORKED EXAMPLE 8.07 . ~\ 


In this example, there is a formuia in cell C2. It is 
currently visible. 


IF vi: [Xx Sf fx || =A2+B2 
A B Cc D 
A 8 A+B 


gana +82 | 


Figure 8.12: Formula visible. 


After the cell has been set to hidden, the formula is 
now hidden from the user. 


C2 y KY fe! 

A B G 
1 A B A+B 
2 5 6| 


Figure 8.13: Formula hidden. 


There will be occasions when some users will be allowed 
to change some data but not all data. In this case, it is 
possible to protect a worksheet but allow a specific set or 
ranee of cells to be edited by users who have knowiedge 
of the correct password, or by selected users within the 
computer network. 


In this example, the prices cells are left unlocked but 
the commission cell (B2) has been locked. In order to 
allow some users to edit the commission, a password 
has been set on that cell so that anybody with the 
password can edit the cell. 


rere re = = I we 


Fira [lake 


Vk 
"MLE 
eine bie 
Wu el 
Zi myer 


Ma whika Dr nrar 


| Figure 8.14: Range protection. 


Freezing panes and windows 


Spreadsheets can sometimes become so large that they 
cannot fit visibly onto a single screen. It’s possible to 
freeze panes so that the top row remains on the screen as 
the user scrolls down ihe spreadsheet. Similarly, the first 
column can be frozen so that it remains on screen as the 
user scrolls across the spreadsheet. 


[= =} Split DO Views Sida by Side 
oS, 


=: Hae | HSS 
brene j 
fares - sh) rama Pyairinn y 
Unfreete Panes 


Lalik all reas and cours to-scrill 
hrs he entre worksheet 

Freeze Top Row 

Keep the bop roa wile lie seronling 
TRE Hac peste tic wrest 
Freeze First Column 

Miteg ike feel oulonin visite while 


SCE Through fe Pest Of The yore 


Figure 8.15: Freeze pane options in Microsoft Excel. 
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To freeze more rows or more columns, the user can NY 
select the first cell that shouid not be frozen and then ACTIVITY 8.03 
freeze the panes. This will freeze all rows above and all 1 Open 8.05 Worksheets.xls. 


columns to the left of the selected cell. 


a Try to add or delete a worksheet. 
The workbook has been protected to 
prevent this from happening. 


This example from 8.04 Freezing panes.xls shows b Unprotect the workbook using the 
which cells will be frozen when cell B4 is selected and password ‘openme’. Now try to add a 
freeze panes is applied. new worksheet. 


2 Select the Invoice worksheet. 


a Try to select any cell. This worksheet has 
been protected completely to prevent 
this from happening. 


b Unprotect the worksheet using the 
password ‘payment’. Now try to select 
cells and make changes to data. 


3 Protect the Breakdown worksheet so that no 
changes can be made at all. 


4 Open the Prices worksheet. 


a Try to change one of the titles in column 
A. These cells are locked so that you 
cannot edit them. 


Figure 8.16: Cell selected for freezing panes. 
b Now try to change the prices of the 

As the user scrolls down and across the screen, rows photos. These cells have been unlocked 
1 to 3 and column A remain visible as shown in so the prices can be changed. 

Figure 8.17. 


c Now try to change the commission 
rate in cell B2 (10%). Notice how an 
additional password is required to do 
this. This is because this cell has been 
set to allow users with that password to 
change it. 


d Enter the password ‘special’ and then 
change the rate of commission. 


5 Open the Purchases worksheet. 


a Lock the cells in columns A, B and C. 
Unlock the cells in columns D and E. 
Then protect the worksheet and see 
what you can and cannot change. 


b — Scroll down the purchases worksheet 
Figure 8.17: Panes frozen as user scrolls down and and across to the right and notice 
across. how the top row and first 2 columns 
remain in place. 


a © a 2 a 
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c  Unfreeze ihe panes and then try 
scrolling again. Notice how all of the 
data moves, including the top row and 
left hand columns. 


d Freeze the top row. Scroll down | 
and across. Which cells remain on i 
the screen? 


Freeze the first column. Scroll down 
and across. Which cells remain or 
the screen? 


f Freeze the panes so that columns 
A, B and C and row 1 remain on the 
screen. Which cell did you click on to 
achieve this? 


8.2 Create formatting 


Format cell contents 
Format data type 


Cells within a spreadsheet can be formatted for an 
appropriate data type. Dates can be formatted to be 
dd/mm/yyyy where dd is the day, mm is the month and 
yyyy is the year. In countries like the USA, the date 
would be formatted mm/dd/yyyy. It is also possible to 
display the whole month, use leading zeros for days and 
months and use four digits or iwo digits for the year. 
Times can be formatted to include hours, minutes and 
seconds or just hours and minutes. Some times may have 
a.m. or p.m. whereas others will use a 24-hour clock. 


Cells can be set to contain text. This is particularly 
useful if a set of numbers need to be entered that start 
with zero. Numeric cells can be set to include a specific 
number of decimal places including no decimal places. 
Currency can also be set to include a specific number 
of decimal places, and the currency symbol can also 
be chosen. 


A number can be set as a percentage, in which case the 
number is divided by 100. For example, 58% is used in 
calculations as 0.58. Decimals can be entered into a cell 
and turned into fractions. For exampie, entering 0.25 
would give a fraction of '. 


These examples from 8.06 Data Types.xls show 
different ways in which data can be formatted 
according to the data type. Notice how C4 contains 
text. This is because, although it looks like a number, 
it starts with zero and numbers do not include 
leading zeros. 


A B C 
1 | Data Type | Example 1 | Example 2 
2 Date 02/05/2015 | 02 May 2015 
3 | Time | 3:44PM 15:44 
4 Text abcdefg 09876 
5 | Numeric 25 25.33 
6 | Currency | $15.45 P15.45 
7 | Percentage 25% 0.30% 
8 | Fractions 1/4 4/5 


| Figure 8.18: Data types. 


PRACTICAL ACTIVITY 8.04 
Open 8.07 Data Types Task.xls. 


1 Change cell B2 to be a date with no leading 
zeros for the day and month and two digits 
for the year. 


Change cell C2 to be a date with leading 
zeros for the day, the full name of the month 
and four digits for the year. 


Change cell B3 to be a time with a.m./p.m. 


Change cell C3 to be a time with hours, 
minutes and seconds. 


Enter the value 0382 in cell B4. 
What happens? 


Nn l 
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6 Change cell C4 to be text and then enter the 
value 0382. What is different from B4? 


7 Change cell B5 to have two decimal places. 
What happens? 


8 Change cell C5 to have one decimal place. 
What happens? 


9 Change cell Bé to be currency in euros with 
two decimal places. What happens? 


10 Change cell C6 to be currency in Japanese 
yen with two decimal places. What happens? 


11 Change cell B7 to be a percentage. 
What happens? 


12 Change cell C7 to be a percentage. 
What happens? 


13 Change cells B8 and C8 to be fractions up 
to one digit. Are they both correct? What do 
you think needs to be done to fix this? 


Text orientation 


Often it is difficult to fit all the necessary text into a 
column title without the column becoming too wide. In 
these circumstances, the text orientation can change so it 
is diagonal or vertical. 


(2 


orientation: the direction of text, for example 
horizontal or vertica! 


N 
EXAMPLE 8.11 


This spreadsheet shows the scores between 
international football teams. The number of goals 
scored by the team is shown in each row and the 
number of goals scored against a team is shown in each 
column. You will notice that in the first version the 
columns are too narrow to fit in the full team name and 
in the second version the columns are too wide. 


A B (a D| E F 
Japan Mace Unite Pakis|Ukrai 


Japan 
Macedonia 


United States of America 


Pakistan 


Alm! RI/WIN |) 


Ukraine 


Figure 8.19: Columns too narrow. 


A B Cc D E E 


Japan | Macedonia |United States of America | Pakistan | Ukraine 


Japan 3 2 4 1 


Macedonia 


United States of America 


0 
2 
Pakistan 0 


alu}a}wlr | 


Figure 8.20: Columns too wide. 


To overcome this problem, the text can be orientated 
vertically. 


w |n | United States of America 


© 
5 Cc 
</Sizls|s 
aig z| § 
1 S/S £> 
2 |Japan 3 41 
3 | Macedonia 2 0/0 
4 | United States of America | 1 0| 2 
5 | Pakistan 2|3 0 
6 | Ukraine 0| 1 
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Alignment 


By default, the alignment of text is to the left and 
numbers are aligned to the right. However, it is possible 
to change the way that data is aligned within columns. 
Data can be aligned to the left, right or centre. 


alignment: positioning text so that it is in line, for 
| example on the left, right or centre 


WORKED EXAMPLE 8.12 


One problem that often occurs is when different 
numbers of decimal places are used in the same 
column. The numbers are aligned to the right of the 
cell rather than by the decimal point. 


D 
3 87.23 
4 18.5 
5 23.56 
6 34.23472 


Figure 8.22: Decimal point alignment problem 


Unlike a word processor, it is not possible to change 
the alignment to be by the decima! point. Therefore, 
the number of decimal places needs to be made equal. 


D 
3 87.230 
4 18.500 
5 23.560 
6 34.235 


Figure 8.23: Decimal point alignment solved. 


SA A I 


A 


Open 2.08 Alignment.xls. This shows the 
election results for three areas of the UK in 2015. 


1 Change the names of the parties in C2 to P2 
to be vertical orientation. 


2 Increase the height of row 2 if necessary. 


3 Change the names of the parties to 
be centred. 


4 Change the number of votes in C3 to I5 to 
be right aligned. 


5 Change the numoer of decimal places 
for the percentages in K3 to P5 to be one 
decimal place. 


6 Change the titles in B2 to B5 to be 
right aligned. 


Format cell emphasis 


Cell emphasis is about changing a cell so that it stands 
out from the others. There are lots of ways this can 

be done, including changing data to be bold, italic, 
underlined, in a different font and in a different font size. 


WORKED EXAMPLEM13 
a 


The cells in figure 8.24 have been emphasised as 
indicated. 


A B 
1 colour of text font size 


Z 
> shading of font style 
A 


5 cell borders 
Figure 8.24: Cell emphasis. 


Nn l 
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Comments 


Spreadsheets can contain a lot of data and some of it 
may need additional information to explain what it is. 
However, there may not be space for that information or 
it may be too confusing to include the information with 
the data. In this case, comments can be added to cells 
that can be seen when selected. 


w. 
( WORKED EXAMPLE 8.14 


Comments have been added to cells B5 and E2 for 
the Japan versus Pakistan game. Cell R5 has been 
selected and so the comment is showing. A comment 
is indicated in cell E2 by the red triangle. 


A BIC|D|EJF 


w [N | United States of America 


O fa 
i s = EIs 
`J Japan Paul Long: z] 1 
-3 Macedonia After extra time olo 
4 | United State4 0; 2 
5 | Pakistan 2 A o] | 
6 | Ukraine ofif2is mae 


Figure 8.25: Comments. 


PRACTICAL AG 


Open 8.09 Emphasis.xls. 


1 Change cells A2, A4, A11 and A15 to be 
bold and font size 14. 


2 Add borders to the bottom of cells B4, C4, 
B11, C11 and D11. 


3 Adda thick blue border around cells 
A1 to D19. 


Shade A1:D1 and A1:A19 in yellow. 
5 Shade C13 and D13 in black. 


6 Add a comment to cell B2 to read ‘This is 
the commission a school will earn’. 


Conditional formatting 


Cells can be formatted based upon certain conditions 

being met. This is known as conditional formatting. 

Conditions can include: 

e values in a cell that are equal to a set criterion 
(e.g. = ‘Good’) 

e values in a cell that are greater or less than a set 
criterion (e.g. >5) 


e values in a cell that are between set criteria (e.g. 
between 2 and 10) 


e values in a cell that are duplicated elsewhere in 
the worksheet 


e values that are above or below average 
e a scale of values from lowest to highest. 


AMPLE 8.15 


In 8.10 Conditional Formatting.xls, a questionnaire 
has been sent out and respondents have had to give 

a priority to each question from 1 to 5 or x if they 
disagree completely. 


The average response, total x responses and total 
blank responses has been calculated. The following 
conditional formatting rules have been used: 


e Respondent reply = 1: white text with green shading 
e Respondent reply >= 4: white text with red shading 
e Respondent reply = x: white text with red shading 

e Respondent reply between 2 and 3: yellow shading 

e Average response < 2: white text with green shading 
e Average response >= 4: white text with red shading 


e Average response between 2.0 and 2.9: yellow 
shading 


e Total x >= 4: red text with light red shading. 
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PRACTICAL ACTIVIT wD 


Open 8.11 Member List.xls and conditionally 
format cells accoraing to the following rules: 

1 Female members: pink shading 

Male members: white text, blue shading 
Full, junior or patron members: green text 
Lapsed members: red text | 
Do not email = TRUE: yellow shading with 

| red border 


6 Number of years >=10: green text 
| 7 Number of years between 5 and 9: purple text. 
8.3 Create formulas and 


use functions 
Use formulas 


A formula uses basic arithmetic calculations. These 
are plus, minus, divide and multiply, for example, 
=B5+B6. There is no limit to the number of 
arithmetic calculations that can be used, for example, 
=(B5+B5)*3/100-(D1-D2). 


a PWD 


ORKED EXAMPLE 8.16 


This spreadsheet is used to calculate the cost of 
broadband, TV and phone packages. The formula in 
cell B9 adds up the monthly costs of line rental (B6), 
TV (B7) and broadband (B8) then multiples the result 
by 6. Finally it adds any setup costs from B3. 


A E Cc 
“Broadband 1 Broadband 1 
Original Family 
Initial cost rs 15.00 


WAN DUH BPWHN 


Figure 8.26: A formula. 


Indices can be used within formulas to raise a number to 
a power. For example =4%3 would raise 4 to the power 
of 3 which is 44 = 64. 


Referencing cells and ranges 


Relative cell references 


Retative cell referencing is used when you want the 
content of a cell to change based on its relation to its 
row and column position. Often the formulas being used 
are performing the same calculation for a whole row or 
column. When this happens, it is possible to replicate the 
formula rather than typing it in each time. 


relative cell reference: a cell reference that 
changes when it is copied into other cells 


5 AMPLE 8.17 


This spreadsheet lists the number of hours it takes to 
produce a promotional leaflet, the cost to be charged 
for the leaflet and the quantity to be produced. The 
total to be charged is then calculated by multiplying 
the cost (C4) by the quantity (D4). 


A B C D E 


3 Job Hours Cost Quantity Total 


4 A5 Leaflet 1/$ 12.50 3 | =C4*D4 
5 A4 Leaflet 1.5. $ 18.75 1 
6 A3 Leaflet 2.5 $ 25.00 2 


Figure 8.27: Replication 1. 


One way of entering the formula in E5 for the total 
cost of A4 leaflets is to type it in again but changing 
row 4 to row 5 so the formula would be =C5*DS. 
However, it is much quicker and more accurate to 
replicate the formula by copying it from E4 and 
pasting it into E5 and E6. 


A B C D E 


3 Job 
4 A5 Leaflet 1 

5 A4 Leaflet 1.5 
6 A3 Leaflet 2.5 


Hours Cost 


Quantity Total 


18.75 1 
25.00 2 


Figure 8.28: Replication 2. 


Nn E] 
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The cell references used in the formula in the previous 
example were relative cell references. This is because 
they point to another ceil in a position relative to the 
current position. When referring to C4, it is pointing to 
a cell that is two columns to the left of column E. When 
referring to D4 it is pointing to a cell that is one column 
to the left of column E. Therefore, when the formula is 
replicated down to rows 5 and 6, the references continue 
to point to the same columns but the row reference is 
incremented. 


WORKED EXAMPLE 8.18 


oN 


The same process happens when copying formulas 
across a spreadsheet. The formula in B3 calculates 
the number of kilometres travelled. When it has 
been replicated to columns € and D, instead of the 
row numbers changing, the column letters change. 
B2 is referring relatively to one row above and B1 is 
referring relatively to two rows above. 


A B C D 
1 Start distance 38029 | 38098 39273 
2 End distance 38087 | 39137 39410 


=B2-B1 | =C2-C1 =D2-D1 


Figure 8.29: Replication across. 


3 | Distance travelled 


Loo OO S 


Formulas can be used to retrieve a vaive from another 
worksheet. To do this you should include the name of 
the worksheet before the cell reference. 


WORKED EXAMP 
To use the value in cell B4 in a worksheet called ‘Data 
source’, use the following formula: 

=‘Data source’! B4 

The inverted commas are only required if the name of 


the worksheet includes a space, but the exclamatior 
mark must always be used. 


The following formula will multiply the value in B4 
on the ‘Data source’ worksheet by C15 on the current 
worksheet: 


=‘Data source’!B4 * C15 


Absolute cell references 


ACFICAL ACTIVITY 8.08 


Open 8.12 Absolute References.xls and use 

the worksheet Absolute 1, which is similar to the 
example used for relative cell references. The 
cost is calculated by multiplying the hourly rate in 
B1 by the number of hours in B4. 


Replicate (copy) the formula from C4 to 
C5 and Cé. 


What has gone wrong? 


Why has it gone wrong? 


Absolute cell referencing is used when you do not want 

a cell reference to change when other cells are filled in, 
or when replicating formulas. Either a row, a column, or 
both can be set to be relative or absolute referencing. 


KEY WORDS 


absolute cell reference: a cell reference that 
does not change when it is copied into other 
cells, usually by placing a $ sign before the 
cell reference 


To stop a row from being changed, a $ symbol must be 
put before the row number. So C5 would become C$5. 
This makes the row an absolute reference but leaves the 
column as a relative reference. 


PRAGYICAL ACTIVITY 8.09 


Continuing with 8.12 Absolute References.xls 
and the worksheet Absolute 1: 


Change the formula in C4 to be =B$1*B4. 


Replicate (copy) the formula from C4 to 
C5 and Cé. 


Examine the formulas in C5 and Có. 


Which cell references have changed and 
which have not? 


NN E 
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To stop a column from being changed, a $ symbol must 
be put before the column letter. So C5 would become 
$C5. This makes the column an absolute reference but 
leaves the row as a relative reference. 


To stop both the row and column from being changed, a 
$ symbol must be put before both the column letter and 
row number. So C5 would become $C$5. This makes the 
whole cell reference an absolute reference. 


PRACTICAL ACTIVITY 8.10 


Continuing with 8.12 Absolute References.xls, 
open worksheet Absolute 2. This worksheet is 
used to calculate the wage bill each month. 


8 Look at the formula in C4 which calculates 
the cost of workers in week 1 month 1. 


9 Make any changes necessary to the formula 
in C4 before replicating it for months 2 to 4. 


10 Try copying the formula from C4 to E4 for 
week 2 workers. 


11 What has gone wrong? 
12 Why has it gone wrong? 


| 153 Change the formula in C4 so that when 
replicated both across and down it will 
still work. 


14 Now replicate the formula down column C 
and across to columns E, G and l. 


15 Complete the spreadsheei with formulas 
in column J. 


Named cells and ranges 


Ranges were introduced earlier in this chapter. A named 
cell is when a naine is used instead of the cell reference 
and a named range is when a name is used instead of 
cell references. 


Named cells can be used as absolute cell references. 
When referring to a named cell, whenever it is replicated 
it will still point to the same named cell. 


8.13 Tax Rate.xls contains a named cell of ‘TaxRate’ 
which is cell B1. The formula in C4 is =B4*TaxRate 


A B C 
1 Tax rate 0.15 | 
2 
3 Product Cost Tax 
4 |6 x4frame 
5 5x7 frame 15 =B5*TaxRate 
6 10x8 frame i8 =B6*TaxRate 


7 12x8 frame 21 =B7*TaxRate 


Figure 8.30: Tax rate named cell. 


When this formula is replicated down column C, the 
reference to TaxRate remains the same because it is an 
absolute reference. 


Named ranges can also be used within formulas. It is 
easier to understand formulas with named cells and 
ranges than to understand formulas with cell references. 


WORKED EXAMPLE 8.21 


In 8.13 Tax Rate.xls, cells C4:C7 have been named 
as “TaxCharged’. Instead of using a function of 
=SUM(C4:C8) for the total tax charged, the named 
range can be used instead. 


A B Cc D 
1 Tax rate 15% 
2 
Product 
6 x 4 frame 


Cost inc tax 


5 x 7 frame 
10 x 8 frame 


N OW fh WwW 


12 x 8 frame 


8 | Total tax charged: =SUM(Tax Charged) 


Figure 8.31: Total tax charged name range. 


DO A a l 


133 X 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


When a range of vertical cells has been named, it is 
possible to make reference to any individual cell in that 
range by using the naine of the range, as long as the 
reference is being inade in the same row. 


WORKBQREXAMPLE 8.22 


ay Ls Ih 


| Tus rate 0.5 

l Frody Cast Tax ‘Cnet Ine 2 

a lg eI mma Ti 81" FiA =: galas harya 
Djs meu is -E5 Tein aii 4 Fel eraan] = 
6 20x Shame 130 BG" Tasai ametia ped 

7 |:2y8heme IO -ETa U_chae-Tratherped 


Figure 8.32: Referencing a named column. 


In 8.13 Tax Rate.xls, cells C4 to C7 have been named 
‘TaxCharged’ and cells B4 to B7 have been named 
‘Cost’. The formu!a in D4 calculates the cost including 
tax by adding the Cost to the Tax. To do this, it makes 
reference to the whole named range for Cost and the 
whole named range for TaxRate. The spreadsheet 
software can see that the range is in the same row so 

it uses the values in the same row from the Cost and 
TaxRate ranges. This can be replicated down and the 
reierence is relative rather than absolute because it is 
relative to the same row. 


za 
PRACTICAL ACTIVITY 8.11 S 


Open 8.13 Tax Rate.xls. 


1 Change the formula in C4 so that it uses a 
named range for the cost. 


2 Replicate this formula to C5:C7. 


3 Use a named range to calculate the total 
cost in B8. 


4 Name the range for cost including tax. | 


5 Use a named range to calculate the total 
cost including tax in D8. 


PF UN 
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Open 8.14 Times Table.xls which will be used to 
show the times table. 


1 Create a formula in B2 that will calculate the 
value in B1 multiplied by the value in A2. Do 


not use numbers, only use cell references. 


Change the formula so that it has absolute 
references where needed so that you can 
replicate the formula across and down. You 
should only need one formula. 


Named ranges can be used across multiple worksheets 
within the same spreadsheet. When referencing a 
named range in a different worksheet it is not necessary 
to reference ihe name of the worksheet. Examples 

of this being used can be found in the Lookup 
functions section. 


Functions 


A function is a ready-made formula representing a 
complex calculation, for example =SUM(AS5:B10) 
or =AVERAGE(cost). It is a reserved word within 
the spreadsheet software that processes a series of 
predefined formulas. 


function: a ready-made formula representing a 
complex calculation 


ea 
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Summary functions 
Table 8.2 shows some of the summary functions. 


-— 


Calculates the total of values within a range =SUM(B3:E3) 


=AVERAGE(B3:E3) 


AVERAGE 


Calculates the average of values within a range. 


Calculates the smallest value within a range. 


=MIN(B3:E3) 


MAXIMUM | Calculates the largest value within a range. =MAX(B3:E3) 


Table 8.2: Summary functions. 


WORKED EXAMPLE 8. 


8.15 Student Marks.xls calculates the total, average, minimum and maximum mark that each student scores in a 
set of four tests. In row 2, the total has been calculated by adding up each cell individually using a formula. In row 3, 
this has been done using a function that requires much less effort. In row 2, the average has been calculated using a 
formula, but it is necessary to know how many marks there are to complete this calculation. In row 3, this has been 
done using a function which does not require knowledge of the number of values to be averaged and will allow extra 
values to be added in the future by inserting columns. 


5 È L D E F G H i} 

1 Student Marki ħiark 2 Mark3 Mark 4 Total Average Milnimum Maximum 
2 Name | SE 40 Af Bd sIAF4CI402+E2) =Fis4 

3 Name 2 31 a? GL i =SUM|BI:E31 =AVERAGE(BI:ES) =<RKIIN[BS:E3)  =MAXB3E3] 
2 Named 62 58 19 38 =SUM(B4:64) =AVERAGEIBA:ES) =MIN(BEa) 9 =MARIBA Ed) 
3 Name 4 bd aa RI 27 =M | BS: ES) =AVERAGE|BS:E5} =WIIN[R5:E5] SMAKIBS ESI] 
6 Namet of 45 bi, 42 = SUM [BG ES] sAVERAGE/ERsEG) -MINIBE = MAKIBS:E) 
i Name b 93 38 43 fs =SUM [Bes] SAME RAGE [SES =MIN [BES] sMAWENESI 
& Name7 99 749 55 az =SUMIBE:FA)  =AVERACE/RE:FA]  =MIN|RE:FA)  =MAMIGE-FR) 
a Name 57 38 AA 43 SUM IBS: £9] “AVESASELRS:E9]  -MINJES:E9) =| PAAR BSE) 
10 Name > oh 43 TE 55 SSUM[BLONEIO] sAVERAGE[BLONEIO) =MIN[BLONEIO) =MANIBI:E1O) 


Figure 8.23: Summary functions. 


NJ 
CTICAL ACTIVITY 8.13 


Open 8.15 Student Marks.xls. Use functions to 
calculate the average, minimum and maximum 
mark for each of the four tests. 


a, © ee ©, 
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Rounding functions 
Numbers can be rounded to whole numbers or decimal places. Table 8.3 shows the functions that can be used. 


—- Za) C 


Returns the whole number value of a decimal number (the value =|NT(A2) 

before the decimal point). The INT function effectively rounds the 

number down to the nearest whole number. 

ROUND Rounds a number to the nearest decimal place specified. This =ROUND(A2,3) 
example rounds the value in A2 to three decimal places. 

ROUNDUP Rounds a number up to the nearest decimal place specified. This || =ROUNDUP(A2,2) 
example rounds up the value in A2 to two decimal places. 

ROUNDDOWN | Rounds a number cown to the nearest decimal place specified. =ROUNDDOWN(A2,4) 
This example rounds down the value in A2 to four decimal places. 


Table 8.3: Rounding functions. 


In 8.16 Rounding.xls you can see how the functions What happens if you change the number of 
in table 8.3 have been used: decimal places to a negative number? How does 
this relate to rounding to significant figures? 
Notice how —1 rounds to tens, —2 rounds to 


= d E = = 


" arel mimise itbeger ë Paare Ter us heute dran 


zaer? MPH RODMAN TSUNA) INLRNAN YS hundreds and -3 rounds to thousands. The 

AS m Wl UT AS] ROMS RHEA a TAHNA AA minus number relates to rounding to the power 
4 ial JH AH ATEA UA Ada el ea p 

ee aer Tr, ROU TSUN) ENHI WYA HAI of 10 rather than rounding to a set number of 


ianificant fi l 
Figure 8.34: Rounding functions. tsi. abe 


You can also see the results of the calculations made Indices 


by the functions: : er 
y If you need to caiculate indices (powers), then the 


A E z E f POWER function can be used. It uses the syntax 
Original number Integer Mound Roundup Raund deram =POWER(number,power). For example, =POWER(6,3) 
z ISEI7AJI? QGWLY ZSEILAJE 25817.33) ZOE a2e1 would raise 6 to the power of 3. It is also possible to 
JASI ATENAS ARRP  SATLATT  JARARA ARALARI use the ^ symbol and so =6^3 would also raise 6 to the 
4 B25. 2301 32E ARII gumzo SERIJA power of 3. 
5 aness a aras nite nas 


Figure 8.35: Rounding values. WORKED EXAMPLE 8.25 


8.17 Powers.xls raises the numbers in column A to 
the power given in row 1. 


k R c E 
re f, a 
Create a new spreadsheet and experiment with Cope yeber), SPewurt Poe Foward 
the four rounding functions using different values ae SRIWER[A2.2[ AtS  =POWERLO2A) z 
23 <PUWERIAZ.Z] <02%S | -FOWERIOZ,4 
for decimal places. a ble ee PA 
P 47 AIWERIBEI] adda  sFOWERIDA dI i 


Figure 8.36: Powers. 
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PRACTICAL ACTIVITA 


Open 8.17 Powers. xls, which contains random values for the number to be raised and random values for 
the power. 


1 Create a function in B8 that raises the value in A4 to the power given in B7. Do not use any numbers, 
only use cell references. 


2 Using absolute cell referencing where needed, copy the function from B8 across the row and 
down the column. You should not need to change any cell references if you have used absolute 
| references properly. 


Date and time functions 
Calculations can be performed on dates and times. 


: Z ȚN 
a AS 
Calculates the day part of a date. =DAY(B 
MONTH Calculates the month part of a date. =MONTH 
YEAR | Calculates the year part of a date. =YEAR 


1) 
(B 
(B1) 
( 
) 


SECOND _ | Calculates the seconds part of a time. =SECOND(B 
TIME Calculates the time from given hours, minutes and seconds. =TIME(B9,B10,B11 


Gives the current date and time (can be formatted for just date or just -NOW( 
time). ; € 
WEEKDAY | Gives the number of the day in the week. =WEEKDAY(B1,2 


Table 8.4: Date and time functions. 


1) 
t ) 
MINUTE Calculates the minutes part of a time. =MINUTE(B8) 
8) 
I ) 
F ) 


Text functions 


Calculations can be performed on text to extract parts 
of text, join text together, calculate the length of text or 
change the case of text. 


ND SOE CO 
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CONCATENATE | Joins 
| together 


text values. 


Extracts the 


furthest left 
characters. 


RIGHT Extracts 
the furthest 
right 
characters. 
MID Extracts 
characters 
froma 
| starting 
| point. 
LEN Calculates 
the length 
of a string. 


UPPER Converts 
text into 


upper case. 


LOWER Converts 
text into 


lower case. 


FIND 
a substring 
within a 
string and 
returns its 
| position. 


Table 8.5: Text functions. 


Searches for | -FIND 


=CONCATENATE 
(A1,B1,C1) 


=A1&B1&C1 


=A1 &'' & BI & 
'@' & C1 & ‘it. | 
| 


=LEFT(A1,4) 


=RIGHT(A1,2) 


=MID(A2,4,6) 


=LEN(A1) 


=UPPER(A1) | 


=LOWER(A1) 


((‘@', A2) 


In 8.19 Text functions.xlsx, text functions have 
been used to extract data. Before looking in detail 
at how each function works, can you predict which 
function has been used in each of the cells D1, D2, 
A5, B5, C5, D5, row 7 and row 8? 


À R E m 
[viir hin fur Park 


Apples 


Bananas 


Shrew ues Pears 


Figure 8.37: Extracted data. 


We can now look at each of the functions that have 
been used. Experiment by changing values and 
looking at what difference it makes. 


a L jE È 
Ei Biya Deak 


wa ià Erue 


at ae bw me 


Figure 8.38: Extracted data functions. 


Notice how D! and D2 return the same values. 
These are two different methods of concatenating 
data. 


For apples, the first three characters from the left are 
extracted which are ‘App’. For bananas, the last two 
characters from the right are extracted which are 
‘as’. For strawberries, the three characters starting at 
character 4 (‘a’) are extracted which are ‘awb’. 


For pears, the length is shown which is the number 
of characters in ‘Pears’ which is ‘5’. 


Row 7 converts the data from row 4 into upper 
case and row 8 converts the data from row 4 into 
lower case. 
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PRACTICAL ACTIVITĂ 


Look at the spreadsheet in Figure 8.39 and 
the function used to calculate the username of 
students in a school. 


A B Cc D 
1 Forename Surname Year Username 
2 Harjinder Singh 2013 =UPPER(RIGHT(C2,2)&LEFT(A2,3)&LEFT(B2,3)) 
3 Abigail Drew 2009 =UPPER(RIGHT(C3,2)&LEFT(A3,3)&LEFT(B3,3)) 
4 Poonam Patel 2011 =UPPER(RIGHT(C4,2)&LEFT(A4,3)&LEFT(B4,3)) 


Figure 8.39: Text functions. 
1 Describe what the function does and how 
the username is formed 


2 Calculate the usernames for each of the 
three students. 


3 Write a function that will work out their 
email addresses. Their email addresses are 
surname.i.yy@ textfunctionschool.edu where 
surname is their surname, i is the first initial 
of their forename and yy is the last two digits 
of the year they joined the school. The email 
address should be in lower case. 


Write a function to calculate the length of 


U the email address. 


The FIND function can be used to find the position of 
a substring within a string. For example, FIND(@, 
‘username@domain.com’) will return the number 9 
because the @ symbol is in position 9. 


In 8.20 Find.xisx, the FIND function has been used 
to calculate the position of a specific character in 
Al, A2 and A3. Can you predict which character the 
FIND function is looking for? 


A R 
| 1 Train 


2 Aeroplane 


=, 


3 Lorry 


In this example, the FIND function was being used 
to fnd the value ‘n’. As ‘n’ does not exist in ‘Lorry’, it 
returned an error. Later in this chapter you will find 
out how to manage errors in spreadsheets. 


| A E 
1 Train 
2 Aeroplane 
3 Lorry 


Figure 8.41: Finding a character function. 


The next part of ihe spreadsheet uses the FIND 
function to find the @ symbol in an email address 
and then returns the characters after the @ symbol. 
These characters form the domain name of the email 
address. 


A B 
5 mpark@dmail.com 


6 Domain: 
7 


Figure 8.42: Extracting a domain name. 


In cell B6, the RIGHT function is used to extract 
data from the right-hand side of the email address. 
However, to do this the number of characters to 
extract needs to be calculated. This can be done by 
subtracting the position of the @ symbol from the 
length of the email address. 

A j 


wise kal = 2 


Figure 8.43: Extracting a domain name functions. 


ad im aN 


Notice how cell B7 uses the MID function instead of 
RIGHT to return the same result. Can you explain 
how this function is working? 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATI 


NAL AS & A LEVEL IT: COURSEBOOK 


1 Create a function to find the position of the 
phonetic sound ‘igh’ in a word. 


2 Create a function to extract the part of a 
word that comes before the phonetic sound 
‘igh’. For example, for ‘bright’, the function | 
hould extract ‘bri 


{D g 


Data type functions 


Questions can be asked about data to determine if it is 
of a particular type or even if a cell contains an error. 


=ISTEXT(A1) 
=ISNUMBER(A1) 


=ISNONTEXT(A1) 


ISTEXT Returns TRUE 
if a value is 
text. 

Returns TRUE 
if a value is a 
number. 


Returns TRUE 
if a value is not 
text. 


ISNUMBER 


ISNONTEXT 


ISERROR Returns =|SERROR(A1) 
TRUE if a cell 


contains an 


error. 


The file 8.21 Data type functions.xlsx uses 
the ISTEXT, ISNUMBER, ISNONTEXT and 
ISERROR functions: 


a F Ç E E 

| ITEXT SMURIBER ISNONTEXT ISERROR 
Z Helli TRUE FALSE FALSE FALSE 
> 012559545 TRUE TALSE TALSE FALSE 
RCSANRT TRIIF FAt SF FAI AF FASE 
oan FALSE TELJF TRUE FALSE 
a 15.41 FOLE IROE IRU: FALL 
ati FALSE FALSE TRUT FALSI 
A PALE PALSE TALE TALE 
ʻi VALUE! Fa lsF FALSE TALE TALE 


Figure 8.44: Data type results. 


These are the functions that were used in the example 
above: 
= E = a 
i TEXT CAUMBER  HOMIERT  ISERACA 
z Baik: SSPEX( P92! ERUS EEH]A:] SG: BS aS LEARG KAZI 
SIF SASAS su LN[SI] ASRS EEN SD SSA Psd) SUSI 

d RAT STEETS ARUSI A] -BADAT o AmA 

mond STERT M5! 


IRUIMARRIAT, SUSAETA EIRAS 
G inbi TETAS -DERUMBERDAE] -HADAT ETE uo SEAROR 
T aiK js SRUY BERG!) SEAU ES ari =eARUK AST 
Š mab m SjESijó] i RUSHEM|S2! mGA EX AE: SLUR ANI 


u ekx h A! m uT MEEUSEN] SBATTA AEA 


Figure 8.45: Data type tunctions. 


The file 8.22 Using data type functions.xlsx 
contains some examples of using some of these 
functions in practice. Earlier in this chapter, you saw 
how using the find function to search for a value 
wou!d return an error if the value is not found: 


A R 
1 ‘Train 
2 | Aeroplane 


= 


3 | Lorry 


Figure 8.46: Find function causing error. 


We can fix this by using the iserror function to check 
if an error has been found. If an error is found, then 
the value 0 couid be returned, or something else like 
‘Not found’: 


1 | Thais 
* ) Srraplanr 


a | Lorry 


Figure 8.47: Removing an error. 
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The ISNUMBER function could be used to check 
a value is a number before performing a calculation 
on it. This could avoid errors. In the example below, 
ISNUMBER is used to check a value is a number 
before trying to divide it by two: 


A B 
5o one 
6 |1 
7 ii5 


Figure 8.48: Avoiding errors. 


If the value in column A is a number, then it is divided 
by 2, otherwise a blank value is displayed. 


PRACTICAL Aé€ 


1 Modify the function below from the file 8.20 
Find.xisx so that it returns the value ‘Invalid 
email address’ if the @ symbol is not found: |! 


moik enai eon 


Darmain: 


2 Test the function works by inputting an 
invalid email address without the @ symbol. 


Lookup functions 


Lookup functions will look up a value in a table and 
return another value in the saine row or column. 
VLOOKUP is used to iook for a value in a column and 
return a value from tue same row. HLOOKUP is used 
to look for a value in a row and return a value from the 
same column. 


The VLOOKUP function uses the syntax: 


=VLOOKUP(Search Value, Lookup Table, 
Column, Match) 


Search Value is the value being looked up in the table. 
Lookup Table is the range of cells that define the location 
of the table. Column is the number of the column that 
should be returned as the result in the maiching row of 
the value that was found. Match defines whether an exact 
match should be found — TRUE for approximate match 
or FALSE for exact match. 


8.23 Months.xls contains a table in the worksheet 
Months that lists the numbers that represent months, 
the three-letter shortened version of each month’s 
name, the full name of each month and the French 
name of each month. 


A B C D 
1 Number 3Letter Month Francais 
2 1 Jan January Janvier 
3 2 Feb Febuary Février 
4 3 Mar March Mars 
5 4 Apr April Avril 
6 5 May May Mai 
7 6 Jun June Juin 
8 7 Jul July Julliet 
9 8 Aug August Août 
10 9 Sep september Septembre 
11 10 Oct October Octobre 
12 11 Nov November | Novembre 
13 12 Dec December Décembre 


Figure 8.49: Lookup table. 


The worksheet Number asks the user to enter a 
number that represents a month and it will then look 
up that number in the table and return the three-letter 
code, full month name and French month name. 


A B 
Enter the number 


1 of the month: 

7 

3 

4 3Letter code: Feb 

5 Month: Febuary 
6 Francais: Février 


Figure 8.50: Number worksheet. 


These are the VLOOK UP functions that were used: 


A B 
Enter the number 


1 of the month: 

z 

3 

4 3 Letter code: =VLOOKUP(A2, Months!A2:D13,2,FALSE) 
5 Month: =VLOOKUP(A2, Months!A2:D13,3,FALSE) 
6 Francais: =VLOOKUP(A2, Months!A2:D13,4,FALSE) 


Figure 8.51: Lookup functions. 
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VLOOKUP functions can also be replicated in the same 
way as any other function. The main problem with 

this though is that the lookup table cell references will 
change as they are copied down the rows. 


A Ja cTIVITY 8.20 


Open 8.24 VLookup Price Categories.xls | 
which calculates the prices of tickets purchased 
for a show. 


1 Look at the lookup table on the Ticket 
Categories worksheet. It shows the prices 
for each category. 


2 Look at the function in C2 on the Ticket 
Sales worksheet. Describe what this 
function is doing. 


3 Replicate the function from C2 down 
the column. 


4 What has gone wrong? 


5 Why has it gone wrong? 


One way of overcoming this is to change all the celi 
references in the lookup table (but not the lookup 
value) to be absolute cell references. An easier way 
of overcoming this is to name the lookup table as a 
named range. 


PRACTICAL ACTIVITY 8.21 


Continue using 8.24 VLockup Price Categories.xls. 


6 Name the range containing the lookup table 
on the Ticket Categories worksheet (do not 
include the titles in the range). 


7 Change the VLOOKUP function in C2 to 
include the named range instead of the 
range ‘Ticket Categories'!A1:B5 | 


2 Replicate the function from C2 down the 
column and it should find the correct prices 
for each category of ticket. 


So far you have seen VLOOKUP functions that find 
an exact match within a table. However, there are 
occasions when an exact match is not required, but 
the closest value below or equal to the search value 
should be found. 


WORKRSEXAMPLE 8.30 


8.25 Exam Results.xls includes a lookup table of the 
minimum mark required to achieve each grade. This 
table has been called ‘GradeBoundaries’ as the named 
range. 


gradana = fi 


Figure 8.52: Non-matching VLOOKUP table. 


Each student’s marks are entered in cells B2 to B10 
which has been named ‘Mark’. The VLOOKUP 
function is then used to look up the Mark in the 
GradeBoundaries table and return the second column, 
which is the grade. Not many of the marks are an 
exact match and so the TRUE element at the end 

of the function means that the closest mark below 

or equal to the student’s mark will be found and the 
grade returned as the answer. 


ä E (i u 
1 Suder Aarh Grade FunrHren 
2 L 5 u “WOES ores odaou dir es, TRUE] 
= ž E] ui aplod Aia kaadu der we, 2, [AL] 
ii 1 [E] SV LIDS erk ciedalcucdar ve, 3, TE] 
1 1 7 [E] We TSE ari a madenda e TRL] 
a G d? A NLS or bead tau ir et, TRIE] 
ë 5 a: 4 SY LOUEU hea bees di wi INL! 
ñ T En N ALDEA ark giardatnu- rdar a3, TT] 
k a a5 SH LISP Mart ard esd es TRL] 
i] q zE „alioa el of ideou dir ea TALE] 


Figure 8.53: Non-matching VLOOKUP function. 


It is essential that the lookup table’s first column is in 
order from lowest to highest for this to work. 
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The HLOOKUP function works in a very similar way 
to the VLOOKUP function, but instead of searching 

for values down the table, it searches for values across 
the table. 


The HLOOK UP function uses the syntax: 


=HLOOKUP(Search Value, Lookup Table, 
Row, Match) 


Search Value, Lookup Table and Match are the same as 
in the VLOOKUP function. Row is the number of the 
row that should be returned as the result in the matching 
column of the value that was found. 


WORKED EXAMPLE 8.31 


8.26 HLookup.xls lists products and their prices and 
the discounts that are currently being applied to each 
of those products. The function used in D2 for the 
Discount Rate is: 


=HLOOKE UP(C2,DiscountRates,2, FALSE) 


The discount rate code (C2) is looked up in the 
named range DiscountRates (B13:F14) and the 
corresponding rate in the second row of the table is 
returned as the discount rate. 


ù È E i È F 
Fedi Mea Domim nee Deant Coccurie ses Daira prem 
Zo mdini d mia | a | BEA i EERTE na 
oimai t Prg a am i PEA TUIE EESTE 
A talib p az c Fie? PETER ek rt 
Stewie! fA A ar i BAERS EE 
Bo trudenih ELLA E ir 3 eas 5 aod 
Totdine goum a ar WIE 3 peytz 
A imdir SMA J PER Wet 3 Soh nh) 
So tmale.k faa = pra bays § Br 
It trading’ gha c ans 3 [iTe ma 
11 imin ii eo Z ae 4 da EJ afi 
12 
[I fede = a D E 
Il Kats palad 3 ark iiri: ark 


Figure 8.54: Hlookup. 


The INDEX function will find a value based on its 
position within a table. The INDEX function uses 
the syntax: 


=INDEX(Lookup Table, Row, Column) 


Lookup Table is the table where the value will be found. 
Row is the number of the row to use within the table 
(different to the worksheet row number) and column is 
the number of the column to use within the table. 


8 Spreadsheets 


8.27 Months index.xls includes a table of months in 
short form, full word and the French translation. The 
table has been called ‘Months’ as the named range. 


a m 


Jaruaty 
Feiruaty 
Merch 
April 

My 

dunz 

Jluk 
Auzu 
Siranbie 
October 
‘owamber 
December 


= 
oa 


Troncok 
jar ee 
Terai mi 
Tara 

zil 

ral 

lun 

julet 
abut 
PETETA 
octobre 
nemire 
Osnerniore 


Figure 8.55: Table of months. 


5 
p 


To find the French word for July, this INDEX 
function would be used: 


=INDEX(Months,7,3) 


Months is the name of the table used to lookup the 
value. The number 7 is the row where the month of 
July is to be found. The number 3 is the column where 
the French translations are to be found. 


PRACTICAL A 


Open 8.28 Days index.xls 


Create an INDEX function in C10 to find the 
full name of the 5th day of the week. 


Create an INDEX function in C12 to find the 


3 letter version of the 2nd day of the week. 


Create INDEX functions in B16, B17 and B18 
to find the 3 letter version, full name and 
German names for the day number input 

by the user in cell F14. The INDEX function 
should work for any value between 1 and 7 
that is input in F14. 


The MATCH function will find the position of a value 
in a list. Its MATCE function uses the syntax: 


=MATCH(Search Value, Lookup Table, Type) 


ONO G O űl 
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Search Value is the value to be found in the list. Lookup Table is the table to find the value. Lookup Table must be a 
one-dimensional list (e.g. values in one row or one column only). Type is a type of search which can be one of 3 values: 


= 


vj 


C 


o | Finds the position of the value that is EQUAL to the Search Value. The Lookup Table can be in any order. 
1 Finds the position of the largest value that is less than or equal to the Search Value. The Lookup Table 


must be in ascending order. 


-1 Finds the position of the smallest value that is greater than or equal to the Search Value. The Lookup 


Table must be in descending order. _ 


Table 8.7: Type values. 


WORKED EXAMPLE 8.33 


8.29 Match.xls includes a list of products and their 
prices in Turkish Lira. Figure 8.56 shows the list of 
products and their prices. 


i nm u 

1 Produc Price 

2 Leck Bua 
3 ghar kerte $2.50 
4 crisp: 170 
5 Celular hee Se 
t urpe arider BLH 
* Teepaant $35.0 


Figure 8.56: List of products and prices. 


To find the position of Crisps in the list of products, 
the following function can be used: 


=MATCH(‘Crisps’, A2:A7,0) 


This will search for Crisps in the Lookup table A2:A7 


and find the position for an exact match. 


Amir has ¢10 available to spend. To find the most 
expensive product that he can buy with his 610 he 
needs to find the position of the largest value that is 
less than or equal to 610. First, the table needs to be 
sorted into ascending order of price: 


fi r 

1 Product Price 

2 rispa EITI 
J aler bolle ED 34 
41 Ming binger Elif 
5 flock bI0 5J 
E falculater E59 I 
7 Talephere RESO] 


Figure 8.57: Product list in ascending price order. 


Now a MATCH function can be used: 
=MATCH(10,E2:E7,1) 


The number | indicates that the largest value that is 
less than or equal to the search value should be found. 
This will return the value 2 which is the position of the 
largest value that is less than or equal to 10 (6.50). 


To find the cheapest product that Amir could not afford, 
the list needs to be sorted into descending order. 


G H 
1 Product Price 
2 Telephone 25.00 
3 Calculator £54,560 
a Clock EMAD 
5 Rina binder 13.20 
6 ‘Water bottle $6.50 
F Cris EITO 


Figure 8.58: Product list in descending order of price. 


The MATCH function can then be used to find the 
position of the smallest value that is greater than or 
equal to #10: 


=MATCH(10,H2:H7,-1) 


The number —1 indicates that the smallest value that 

is greater than or equal to the search value should be 
found. This will return the value 4 which is the position 
of the smallest value that is greater than or equal to 10 
(6.50). 


Copyright Material - Review Only - Not for Redistribution 


8 Spreadsheets 


Open 8.30 Match marks.xls 
1 Create a MATCH function in E11 to find the position of Balraj in the list of names. 


2 Create a MATCH function in E12 to find the position of the highest mark that is below 90. (Remember 
to sort the list) 


3 Create a MATCH function in E13 to find the position of the lowest mark that is above 50. (Remember to 
sort the list) 


| 4 Use an INDEX function and the resu!t in E13 to find the value of the lowest mark that is above 50. 


Nested formulas and functions 


A nested formula or function is one which can include more than one function or formula. Each nested formula or 
function is surrounded by brackets and will be calculated before the formula or function surrounding it is completed. 


WORKED EXAMĘDF 8.34 


8.31 Nested Formula.xls calculates the average mark using separate total and average functions in columns F 
and G. 


A b elb tl. a OR | f k L T 
1 Sudent Marki Mark? Mark3 Mark4 Total Average 
2jNemel 9E 40 35 B 258| es | mIPfGe>|SUIMN|GS2.GS10|/COUNT/52:0510)),"Above", Below") 
J Name 2 ET ae ee; n 28) A eow 


Figure 8.59: Nested IF. 


In column H, a nested formula has been used to calculate whether each student is above or below the average mark. 
It examines the average mark for the student in column G, then divides the total of all the average marks by the 
number of average marks to see if column G is higher. If column G is higher then ‘Above’ is displayed otherwise 
‘Below’ is displayed. 


PRACTICAL AGT 


Open 8.32 Profit calculator.xls. 
1 Create a single nested formula for E2 that will calculate the total profit made for product 1. 
2 Replicate this formula for products 2 and 3. 


| 3 Without using the AVERAGE function, create a nested formula to calculate the average total 
profit in E5. 
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Conditional functions 

The functions you have scen so far will always perform 
their calculation. However, a conditional function will 
only perform the calculation if certain criteria are met. 


WORKED# XAMPLE 8.35 


8.33 IF functions.xls contains a simple quiz thai asks 
users what the capital city of a country is. If the user 
gives the correct answer then they are told ‘Well done’ 
otherwise they are told ‘Oops’. 


1 Whe te Copia aaa 


A~ 
z ST Sng inel gore pet 


Figure 8.60: Capital quiz. 


An IF function has three elements as shown in Table 8.8. 


B1 = 
‘Beijing’ _ 


‘Well Done’ 


Condition | Specifies the rules to be 


checked. 


Specifies what to 
display if the condition 
is met. 


True Value 


Specifies what to 
display if the condition 
is not met. 


Open 8.33 IF functions.xls and use the Capitals 
Quiz worksheet. 


1 Why does the spreadsheet say ‘Oops’ | 
when the answer for the capital of France | 
is correct? 


N 


Fix the IF function for the capital of France 
so it works properly. 


3 Test your function by entering an 
incorrect answer. 


4 Add another question in row 7 and write an 
IF function to give feedback to the user. 


This is quite a slow way of creating a quiz. Try this 
more efficient method: 


1 Put the answers to each question in column 
C next to where the user will put their 
answer in column B. 


2 Change the IF function in B2 to be 
=|F(B1=C1,'Well done’,’'Oops’) 


3 Now replicate this to the other two 
questions and write another two so you have 
five in total. 


Notice how much quicker it is now to add the 
new questions because you don't have to keep 
editing the IF function. However, the user can 
see the answers. Use security measures such as 
hiding columns and worksheet protection to hide 
the answers from the user. 


Open the worksheet Mark Book. 


1 Students need to get 75 marks or more 
to pass maths, otherwise they fail. Write a 
function in D4 to display Pass or Fail. 


2 Replicate this function for the other 
maths results. 


3 Students need to get 60 marks or more to 
pass English, otherwise they fail. Write a 
function in D12 to display Pass or Fail. 


4 Replicate this function for the other 
English results. 


If needed, more than one criterion can be used by 
using AND or OR within the condition element of the 
IF function. 


Nested IF 


It is possible to have an IF function nested within 
another IF function. This can be useful if there are two 
or more alternative outputs. Sometimes the same result 
can be achieved with a lookup function. 
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WORKED EXAMPLE 436 


8.34 Nested IFs.xis contains a mark book on the 
Mark Book worksheet. Students who get a mark of 
80 or above get a distinction. Those who get a mark 
below 40 get a fail. All other students get awarded a 
pass. Notice how a nested IF has been used to show 
the grades. 


Open 8.34 Nested IFs.xls and use the worksheet 
Mark Book. 


1 Create a lookup table for the grades. 


2 Change the nested IF functions to lookup 
| functions. 


Using the same file, switch to the Ticket Sales 
worksheet which shows ticket sales for three 
different price categories. 


1 Change the lookup function for the price to 
a nested IF function. 


2 Replicate the function down the column. 


Where the option for a lookup function exists, it is better 
to use this than a nested IF, especially if there are lots of 
options to choose from. However, sometimes decisions 
are made based on more than one item of data, in which 
case a nested IF function is the only possible option. 


XAMPLE 8.37 


Open 8.35 Photo frames.xls, which shows the 
charges made for a photo frame with a standard 
embossing or a gold embossing. The user can select 
Standard or Gold embossing and the quantity 

to purchase. The price can be determined by this 
algorithm: 


Charge standard 
price 


No 


Charge standard 
photo price | | 
-s 


harge standard 
| 15+ photos price 
L 


Charge standard 
5+ photos price 


Figure 8.62: Flowchart algorithm. 


A nested IF function is used to determine the price by 
following the same algorithm: 


5 5 i i: 
Pmeredng, Fanzara me pimza bi phobie 
Santri |s 


taila canla San] 


Eniri [stay 


A 


i 
T lnk pets: faren 
à Tmall pira 4 ae, 


nhs ee te ee Et ae E Ta el bold ee bri oa || 


Figure 8.63: Nested IF for unit price. 


A nested IF can become quite complex and difficult to 
follow. To overcome this, IFS can be used instead. This 
works by using pairs of conditions and outputs: 


=IFS(condition1, outputl, condition2, output2, 
condition3, output3 .....) 


The only downside of IFS is that it does not have an 
ELSE option. 


Nn —‘CSCSCis. 
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WORKED EXAMPLEAS38 WORKEBNEXAMPLE 8.39 


8.38 Maths results.xls results shows the marks and 
grades awarded to students taking a maths test. In cell 
C3, a COUNTIF function is used to count only those 
students who achieved a Pass. 


8.36 IFS instead of nested IF.xlsx contains the 
same mark book used in example 8.36 . The nested IF 
has been replaced with the IFS function. Notice how 
the condition and output pairs are used and also how 
an extra condition has had to be included for ‘Pass’ 
because there is no ELSE option. 


i 


LELE- 


l 
| 
| 
| 
1 
| 
d 
| 
i 


Eh 


Figure 8.64: IFS instead of nested IF. 


PRACTICAL A 


Open 8.37 Photo Frames.xlsx. 


1 Replace the nested IF function in B7 with an | 
IFS function. 


a O S A 


Figure 8.65: Maths results COUNTIF. 


Conditional statistical functions 


You have already been introduced to the SUM function 
and the AVERAGE function. Both of these have similar 
functions that will only perform that function if a 
certain condition is met. There is also a count function 
that will only count items that meet certain criteria (see 
Table 8.9). 


epost mp'e 


COUNTA roe all values in a range. =COUNTA(H3:H200) 


COUNTIF Counts all values that meet a criterion | =COUNTIF(H3:H200, Yes’) Only counts cells that 
within a range. contain ‘Yes’. 

SUMIF Adds up all values that meet a =SUMIF(J3:J200,’<0") Only adds up negative numbers. 
criterion within a range. 


AVERAGEIF | Calculates the average of all values =AVERAGEIF(J3:J200,'>0’) Only finds the average of 
that meet a criterion within a range. positive numbers. 


Calculates the largest numeric value =MAXIFS(value_range, range’, criteria1, range2, 
that meets one or more criteria in a criteria2, ...) 
range of values. 


Table 8.9: Conditional statistical functions. 


O E) 
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PRACTICAL ACTIVIT# 


Open 8.38 Maths results.xls used in 
worked example 8.39. 


1 Use a function to count all the students 
in cel! C12. 


2 Use a function to count all the students who 
failed the test in C14. 


Use a function to count all the students who 
achieved a distinction in cell C15. 


Ww 


4 Use functions to calculate the average 
distinction mark, pass mark and fail mark in 
cells C17 to C19. 


Open 8.39 Member ratings.x!s which shows 
how many meetings each member of a club 
has attended. Members who have attended 
50 meetings or more are awarded ‘Gold 
member’ status. 


1 Use a function in B13 to calculate how many 
members have Gold member status. 


2 Usea function in B14 to calculate the 


attended by Gold members. 
——————————— 


The MAXIFS function works slightly differentiy to the 
other functions above. It can use a single range to check 
that a condition is met or it can use multipie ranges to 
check if multiple conditions have been met. It will then 
calculate the maximum value within a different range 
that relates to the ranges used for conditions. 


total number of meetings that have been | 


WORKED EXAMPL 
A 


8.40 Maxifs.x!sx contains a set of class marks, 
together with the names, gender and class of each 
student who achieved those marks. It also calculates 
the maximum female mark, maximum male mark and 
can also use two conditions to calculate the maximum 
female mark from class A and the maximum male 
mark from class A. 


[i a L 
| Genar Chass ‘iar ke 

he A t=) 
= Bamesh rs A pe 
2 Gerre F A 1 
> Bami r A 14 
a Tauleen F RA 7 
i Roy me A Jg 
fi Sky H H i4 
a Donal hye G Ls 


II Relax tamsia marr 

12 Mag mala mark: 

12 | flax fermi mati class A: 
qà Plax male mark class A: 


Figure 8.66: IFS instead of Nested IF. 


To caiculate the maximum female mark and maximum 
male mark, only one criterion is needed for each. In 
cell D11, the range D2:D9 refers to the rang that will 
be used to calculate the maximum mark. The range 

B2 to B8 is the range that will be used for the criteria 
which in this case will be that the gender must be 
female. 


eC socio tls kerk 
z Ste Fi A It 
= danudi Fa ade 
E om Td = a i 
> istir F A l 
i pydzin H ome Fy 
TOi ra 4 ñ 
H x E T jit 
D k FA oe 


YI War tates rath: 
le “dan ieee ei 
1 Walami ork roars 
Y Macrae vos 5 


Figure 8.67: IFS functions instead of Nested IF. 


To calculate the maximum male mark in class A, 

two criteria are needed. This is where MAXIFS 
enables more criteria to be used. In cell D14, the same 
range of D2:D9 is used to find the maximum mark. 
Similarly, the same range of B2:B9 is used to check 
that the value is ‘M’ for male. However, another range 
and criterion pair has been added which is that within 
C2:C9, the class must be ‘A’. 
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PRACTICAL ACTIVI 


Open 8.40 Maxifs.xlsx which you saw in worked 


B È 
example 8.40. 
Mal =| 

1 Create two new functions to calculate the : 

maximum female mark for class B and the Wrong gender Ea 

maximum male mark for class B. | 3 z 
Open 8.38 Maths results.xls which you saw in 4 (X erap iea e 
worked example 8.39. 5 7 “Bay j cancel Leip 
2 Create a new function to calculate the 6 


highest distinction mark achieved, highest 
pass mark achieved and highest tail mark 
achieved by students in this class. 


Figure 8.68: Male/female validation fail. 


This is the rule that had been set up: 


Data Validation 7 EA 


[Fangi | Ingut Message | Eror alert 


Questions 


1 Describe the purpose of a named range of cells. 


sa idahon cena 


2 Describe the difference between a formula and Ayko 
a function. Lisi w| M ignore hark 
: : . =n bel ral drapidceue 
3 Compare absolute cell referencing with relative cell Nake See rene 
referencing. “edindal 
grue 


4 Using an example, describe how absolute cell ik EAR re 
referencing could be used in a spreadsheet. 


| bogi teens changes te all other cepa veth the same siig 


8.4 Validation rules =o =a lace 


The principle of validation was introduced in Chapter 1. 
Spreadsheet software can apply validation rules to data Figure 8.69: Male/female validation setup. 
that is input. If data passes the validation rule, then it 
will be accepted. If data fails the validation rule, then it 
will be rejected and an error message may be shown. 


SAMPLE 8.41 
— i 


In this spreadsheet, the user is asked to enter a person’s 


The rule ensures that the only data that can be 
entered must exist in the list that contains ‘Male’ and 
‘Female’. It is a lookup in list method of validation. 


gender. They have two valid options — ‘Male’ or PRACTICAL ACTIVITY 8.30 

‘Female’. The user has accidentally entered ‘Mal’ which 

is not a valid option. An error message has appeared Create a new spreadsheet. 

telling the user what to do to fix the problem. 1 Create a validation rule that will only 


| allow the entry of ‘Junior’, ‘Intermediate’ 
or ‘Senior’. 


Set up an appropriate error message. 


Co CTO © a a O 
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Error messages must clearly teil the user what they have 


done wrong and what they should do to put it right. An A 

error message that simply says ‘Error’ or ‘Invalid Data’ Open 2.41 Physics results.xls which is ready 
is not helpful to the user. for students’ marks to be entered for tests 
The validation rules that can be used in spreadsheet 1,2 and 3. 


software include lookup in list, range, type (integer and 
real) and length. A range check can be set up with the 
following properties: 


Create validation rules that only allow the 
entry of marks up to and including the 
maximum marks for each test. 


e between two values te 
The validation rule should also ensure that 


e equal to a value negative numbers cannot be entered. 
e not equal to a value 


e greater than a value . 
e greater than or equal to a value Question 


e less than a value 5 The data below is an extract from a spreadsheet. 


e less than or equal to a value. 


Product Price Quantity 


Code 
) QRV58N [$28.50 

This validation rule is a range check that checks input 

a Using the example shown, describe three types 


WORKED EXANRL 


data is a whole number between | and 99. Cosmic PWC48H $19.23 
Flavours 
Data Validation 7 EA GEV28x $218.29 
inp | npokbiessge | Eror Aled | Carpets 


Wabdation oiteria 


Pai Peirce, > Bo Eee l of validation rule that could be applied to the 
Date i Product Code. 

| hrtana [+ b Using the example shown, describe two 
Minimi: aan different types of validation rule that could be 
Coos applied io the Quantity. 

= E 


_! Spghrihers charges foal otter celle with ihe gene ming: 


= Betas 8.5 Test a spreadsheet 
structure 


Figure 8.70: Range validation. 


— Test validation 


When testing validation rules work, it is important 
to enter four different types of test data as part of a 
test plan. 


NTT Oe GD SS ———C 
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Normal (valid / 
acceptable data) 


Data that should pass the 
validation rule. 


Data that should generate 
an error message. 


Data that will only just 
pass the validation rule 
because it is on the 
boundary of acceptable 
data. 


Abnormal (erroneous / 
invalid data) 


Extreme 


Table 8.10: Types of test data. 


WORKED EXAMPLE 8.43, 


Here is some test data that could be used to test the 
validation rule whole number BETWEEN 5 and 20: 


Test data in 


value AS 


ype of test Expected 
data result 


Abnormal 


Error message 


l 
i= 


Generate test data that will test the following 
rules. You shouid use a table with three columns: 
test data value, type of test data and expected 
result. Ensure you cover all four types of 

test data. 


e input value is a whole number <1000 
e — input value is a decimal >25 
e — input value is between 100 and 200 


e input value = PASS or FAIL (there are no 
extreme tests for this) 


e — input value exists in list Junior, Intermediate, 
Senior (there are no extreme tests for this) 


Test formulas and functions 


Testing of validation rules is just one aspect of testing. 
Ali formulas and functions also need testing. To test 

a formula or function, you need to identify input data 
that will be used for the calculation and the expected 
output data (result of calculation). The expected output 
data should be calculated using traditional methods and 
then compared with the result from the spreadsheet. It 
is also essential to identify which worksheet the input 
data and output data are on as they may be on different 
worksheets and the tester will need to find the data. 
Other aspects such as cell and worksheet protection 
and conditional formatting can also be tested. It is not 
possible to test every possible input value, but a good 
range should be used, especially extreme values which 
are small and large. Abnormal input values should only 
be used if validation rules have been set up. 


This test plan tests the formula in C6 of = A6 + B6 


Test data input 
value 

A6 = 5, Bó = 8 on 
Addition worksheet 


Type of 
test data 


Expected 
result 


C6 = 13 on 
Addition 
worksheet 


C6 = 110 

000 000 on 
Addition 
worksheet and 
is fully visible 


C6 =Oon 
Addition 
worksheet 


Normal 


A6 = 30 000 000, 
Bé = 80 000 000 on 
Addition worksheet | 


Extreme 


Aé=0, BAO on 
Addition worksheet 


Extreme 


When a tester runs a test plan, there will be an 
additional column called ‘Actual result’ where the results 
of the test will be entered. 


PRACTICAL ACTIVITY 8.33 

Open 8.42 Testing task.xls and run the tests 
from Worked Example 8.44. 

1 Record the results in 8.43 Test results.doc. 


2 Ifa test fails, record what happened. 
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PRACTICAL ACTIVITA 


Open 8.44 Invoices.xls and 8.45 Test plan.doc and complete the test plan with at least six other tests. 
Calculate the expected result using traditional methods and then enter the input data and compare with the 
actual result. 


Test data input value Type of į Expected result Actual result 
test data | 


| Quantity for Product 3 on Invoice VAT for Product 3 on 
i worksheet = 36 Cost for Product 3 on Invoice worksheet = 
| Invoice worksheet = $1,345.00 

$9,684.00 


VAT rate on Data worksheet = 20% 


Test plans are often written during the design stage of a system life cycle. At this point, cell references are unlikely to 
be known. Therefore, cell references can be replaced with a description of the input. It must be clear to the tester where 
to input the test data. 


Question 


6 The data below is an extract from a spreadsheet. 


Customer Product Code O” Price Quantity 


| K&N Motors QRV58N = [$28.50 
paca 519.3 
Boldmere Carpets GEV28X $218.29 


A customer name should always be present, a product code should be exactly 6 characters long and the quantity 
must be an integer above zero. 


Using the example shown, complete the test table below. 


Test data input va Oy Type of Expected result KY Reason for choosing data 
A test data 


Customer = Nul! 
Customer = 
Product Code = XYZ12AB 


Product Code = 


| Quantity = ‘a’ 


E a 
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8.6 Use a spreadsheet 


Extract data using filters 


Figure 8.71: Coffee filter paper in use. 


When there is a lot of data listed in a spreadsheet, users 
may want to view just some of that data. This can be 

achieved by filtering the data that is required. The term 
filter is used to relate to the user’s mental model. When 


WORKED EXAMPERS.46 


membership: 
Custos Paois 7 
Shere AT ene 
yedi p See 
[ass zel etzin 
Baad lh 


= E ; “i 
= x 


Se DIE iair Jip eee eae 
Urn ja eom arp aner al healt 


Figure 8.73: NOT. 


This filter shows members who have NOT lapsed their 


coffee is filtered, the granules are left in the filter while 
the flavoured drink flows through the filter. 


s 
ie RKED EXAMPLE 8.45 


In this example, people with a title of ‘Dr’ have been 
filtered. 


ʻi li C. [E 


Till. With Hanit =|Sunanc =! Koiibivapstolas «| Gero 
S? Or Farge L11 tumsme lt] Ful Patra 
131 Dr Furiae S7 fumane ST Ful Hili 


Figure 8.72: Dr filter. 


PRACTICA 


Open 8.11 Member List.xls and apply the 
following filters: 


People with a membership status of Full. 


People who do not want to be emailed. 


People who have been a member 
for one year. 


People who are either Full or 
Patron members. 


In practical activity 8.35, the last filter that you applied 
was to find members who were either Full or Patron 
members. This uses a Boolean operator known as OR. 
It means that either condition can be true. Other 
Boolean operators include AND and NOT. 


This Elter will show members who have five or more 
years of membership AND less than seven years of 
membership: 


Cisne Sanctilier ‘Ee 
Mr ro tie 
Member ot tears 
R òin tan epa te oF si f 
Ad Dy 

k imris =) |7 | 
Lee ft rapran ery ing chame! 
Lye” Sep iene: alas: 

| cals cereal 


Figure 8.74: AND. 
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(y 
This is the result of the filter: 


A E C p E F & 
1 Tala eiFirsti'ame =| Surname = | Marmberahip statui == | Dindar = Do hetera =| Humber of yearn 

13 Mir Focnngim 3 Sumame 3 | Full Female FALSE 5 

23 Mir Foment Sh. Sumame S9 | Fall Piali- FALSE 5 

24 Mirs Farerams T Sumrame F [Pall Female FALSE 5 

af i Forename 90. Sumame 21 | Lapeer fale HALSE [i] 

3E Mix Forename if Sumòma 10 | Fill Farrag ke: TRUE G 

30. i Mir Franar 110 Sairame 110 Fal Fërmale FALSE 6 

SO | Mis forename ri Sumame 24 | Petron Female FALSE 5 

52. Wi Foranam 69 Sumame 63 | Full Piali ALSE 6 

Sa Mir Forename 15 -Sumarma 15 duniar Famalė TRIE 5 

Se Mir Forename 129 Samame LPS Lom Female FALSE 5 

61 hal Fiend 139 Sesame 135 pisinn Farale FALSE (z 

7A Mir Forename 122 Samame li? Usad Female FALSE 5 

Th Mr Forename i4 Sumame 18 | Laceed Female FALSE 6 

AS -Mir Forename 108 Sumana JOR! Pagan biala FALSE 5 

gU Mir Forename 3? Gerome SY | Full Miale FALSE 5 

114 Mir Forename dg SMumame 25 Pal Bisle FALSE 5 

LER Wir Forera 4&9 Sumama Go | Lecraeed Piali FALSE 5 

132: Wir Foemme T) Sumame FA | Full Male FALSE 6 

146; Mir focie TE Sumame Tg | Rall Miale FALSE 6 

Figure 8.75: AND result. 

Special text filters can be applied as shown in Table 8.11. 
So 
Contains | Selects data in a | Contains ‘CH’ will select all data in a column where CH exists anywhere 
column that includes | within each data item. 
the text specified. Chicken, Reach, Church and Ache would all be included, but not Card. 

Starts Selects data in a Starts with ‘CH’ will select all data in a column where the data starts 
with column that starts with | with CH. 


the text specified. Chicken and Church would all be included, but not Reach, Ache or Card. 


Ends with | Selects data in a Ends with ‘CH’ will select all data in a column where the data ends 
| column that ends with | with CH. 


ine text ified. 
E E ae Church and Reach would be included but not Chicken, Ache or Card. 


Tabie 3.11: Text filters. 
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Filters that find a range of daia can be used with 
numbers, dates and times as shown in Table 8.12. 


| Selects data in >10 Lists 11 
a column that is but not 9 or 
greater than the 10. 
value specified. 


Greater than 


<10 Lists 9, 
but not 10 
| or 11. 


Selects data in 

a column that is 
less than the value 
specified. 


Less than 


Selects data in a 
column that is greater 
than or equal to the 
value specified. 


Greater than 
or equal to 


Selects data in a 
column that is less 
(than or equal to the 

value specified. 


Less than or 
equal to 


Table 8.12: Filtering for a range. 


ww, 
PRACTICAL ACTIVITY 8.36 


Open 8.46 USA addresses.xls and apply the 
following filters: 


1 State is Arizona ‘Az’ OR California ‘CA’. 
City starts with ‘San’. 

Company ends with ‘Inc’. 

Company includes '&'. 

Position is <=10. 

Position is >10 AND <=50. 

State is NOT = ‘FL AND NOT = ‘OH’. 


N QO wo A W N 


Sort data 


It is possible to sort data into ascending or descending 
order. If only a selection of columns are sorted, then 
onty the data within those columns will be sorted. To 
keep all data in each row together, do not highlight the 
data. To sort on more than one column, it is necessary 
to specify the sort order for each column and which 
column should be sorted first. If you wanted to sort 
by surname and then sort any matching surnames by 
forename, then you would sort by surname first. 


PRACTICAL ACTIVITY 8.37 


Open 8.46 USA adaresses.xls and sort data into 
the following order: 


Position from 1 to 500. 
Position from 500 to 1. 


State in alphabetical order from A to Z. 


City in reverse alphabetical order. 


Surname in alphabetical order from A to Z 
with Forename as the secondary sort. 


It’s not just text and numbers that can be sorted into 
order. Dates and times can also be sorted. 


Summarise and display data 
Pivot tables 


A pivot table will provide summary data such as totals 
and averages for a data set. It’s a very powerful feature 
because it replaces the need for several functions. 
Summary data can also be grouped by chosen items. 


CS OOO NO e G a ú O 
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WORKED EXAMPLE 


The file 8.11 Member list.xls contains a list of members of a club including their membership status, gender, 
whether they want to be contacted by email and how many years they have been a member. There are 148 members 
in total. Figure 8.76 shows an extract of the data. 


A B E a E j | 4G 

1 Tih: q First Marra - Kutnar hlernbers iy Statia q6ender -Ts Hnt Frail - Number ef Years = 
2 Mn Forename Sumames oll female  TALSE 13. 
2 Mr Foreneme 32 Surname sz Full Male FALSE 11 
A Ms Fereneme #2 Surname 22 Patron Fernale FALSE 1 
5 Mi Forenvine 144 Surnarne J444 Junie Ferriale TRUE 14 
& Mr Ferenéme 101 Suraame@ tol Patron Male FALSE 15 
7 Mr ea ETR Ba Surname oo Lepsed Male FALSE ‘| 


Figure 8.76: Extract of members list. 


The Pivot Tables worksheet of the file includes some more pivot tables. One of the pivot tables shows the average 
number of years of membership for each type of member and gender of member. This can be seen in Figure 8.77 


"E: À o B c D 

30 (Average of Number of Years Gender 

31 Membership Status |Female Male Grand Total 

2) Full | 79 9,2 2.9 
| 33 [Junior 8.6 BH Bd 

34 Lapsed 7.1 5.5 6.6 

35 Patran i 6.5 9.5 7.6 

36 Grand Total | 4.6 B8 a3 


Figure 8.77: Pivot table. 
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Figure 8.78 shows how the membership status has been selected as the row, the gender as the column, and the 
average number of years as the value to display. 


= =a ry as sini 
os a F nk Iwa 
ima watch WEA | drempe yap cages ta 
hi an Arahi 
Irmo ket miira 
F a H l = 


EEN ao = Piil Tisd Fivtkia 
Cen ikri ede it Hert 


1 itk 
| bor Fila 
_) farava 
J| Mertanbp Siew 
ai Greis 
IO her Ere ok 
N Mentari tes 


Sum of Number of Yesrs Gender ~ 
Membership Status- . Female bela rand Tatal 


D2. 26! ALBA 36, OR 
4.50% 4.208 12.91%) 
ites 17 


SEROR Toa. 
39.671 60.2 LH 
Figure 8.78: Pivot table configuration. 


A pivot table can sumarise data based on any row or column in the data source. Summary data can include the sum, 
count, average, maximum, minimum and standard deviation. The data can also be shown as a percentage of the total 
set of values. 
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a 4g) 


Figure 8.79 shows the number of years for each type of member grouped by gender as a percentage of the total 
number of years of membership. For example, 4.3% of all members are junior male members. 


WORKED EXAMPLE 


EAS a 40H Labs ba. Rie. a bk i al 
a re 
i. = 1 -i Ereta ta E E Fe'i 
Boken uein aed Dab a a ele e a ae La CEH 
E F e H | l 
ay | 
z | OESE EE. y M 
#3] Sum cf NumacrofvearGencor O O OOO O 
#1 | Weomnmbkershp Stotas Revels Maco {Grand Tesal 
37 | Full 126% | 4,604] cg E% 
| | 
33 | dunior REITS 4.a] TAE- 
aa | lapie: LER ATR) AE 
35 | Pathi TASH, raa TESTE 
A | Arare Tatal AIR RNAI Bal AEREE 
37| 


Figure 8.79: Pivot table showing percentage of total. 


Pivot charts 


A pivot chart works in a similar way to a pivot tabie but shows the data graphically. It takes just a few seconds to set 
up 2 pivot chart showing summary data. 


WORKED EXAMPLE 8.49 


13 
IOo merrhan 


Figure 8.80: Pivot chart. 
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CONTINUED 


To set up this pivot chart, the membership status was selected for the axis, the gender for the series and the number 
of first names for the values. 


Pivotchart Fields yi ox 
Choose fields to add bo reperi: o 
earch ia 
[] Tile = 
fv] First Name = 


Drag fields behane ares BeA 


Tmas D legatie 
ender ¥ 

Asie (siege ie = Malups 

iecibership Stre . aunties First Mame * 


[| eter vait update 


Figure 8.81: Pivot chart configuration. 


PRACTICAL ACTIVITY 8.38 


Open 8.47 !Q..xls which shows the IQ of 500 people. Create pivot tables to show: 

The number of people in each state. 

The number of people in each age group in each state. 

The number of people in each county of the state of Arizona (AZ). [Hint: use a filter for the state.] 
The average IQ for each state. 

The average IO for each age group in each state. 

The number of people and the average IO for each age group in each state. 


Create pivot charts to show the data in tasks 1, 3, 4 and 5. 


1 
2 
3 
4 
5 
6 
7 
8 


Create a pivot chart to show the number of people in each age group in the state of New York (NY). 


Ne 7 —CsSCSC‘(SC 
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Import and export data 


Data can be imported from other formats such as a 
comma separated valves (CSV) file, text (TXT) file or 
from a database. When importing, you should already 
have the spreadsheet software open and open the file to 
be imported from within the spreadsheet software. You 
will often have to ensure that when opening you have 
selected the option to show all files. 


PRACTICAL ACTIVITY 8.39 


Within your spreadsheet software, open 8.48 
Instructor.txt and select options which will cover 
the following: 


1 This is a delimited file that is separated 
by commas. 


2 The file has data headers in the first row. 


3 The Date of Birth should be in date format 
with no time. 


4 The charge should be in currency. 


Use the find and replace option in the | 
Weekends column only to replace 1 with 
‘Yes’ and 0 with ‘No’. 


Within your spreadsheet software, open 
8.49 Driving school.accdb and import the 
Learner table. 


Try to open 8.50 Lessons.doc from your 
spreadsheet software. It is unlikely that your 
spreadsheet software will recognise how to 
import this data. It is essential to ensure that the 
data being imported is structured in a way in 
which the spreadsheet software can understand 
it by using rows of data and separating columns 
with a special symbol such as a comma. 


Data can also be exported so that it can be used in 
other software. If it is exported in a common format 
such as CSV or TXT, then other software will be able 
to recognise the rows and columns. Formats such 

as portable document format (PDF) will enable the 
data to be viewed by a wide variety of users but not 
manipulated, so PDF is good for showing output data. 


import: to bring in data from another application 


export: to prepare data for use in another 
application 


PRACTICAL ACTIVITY 8.40 


Open 8.46 USA addresses.xls and export it to 
the following formats: 


CSV 
TXT 
PDF 


Open Document Spreadsheet (ODS) - works 
with Open Office 


Web page (HTML). 


View the files that you have exported the data to 
and note how the data has been stored. 


8.7 Automate operations 
within a spreadsheet 
Create macros 


Macros are a set of instructions that run all at once. 
They are usually created by recording a set of actions. 
This is done by defining a starting point (e.g. clicking 
on a record button), then performing the actions, and 
then defining a stopping point (e.g. clicking on a stop 
button). The actions that have been recorded can then 
be repeated at any time by running the macro. A macro 
1s usually run by clicking on a button, selecting a menu 
option or by using a shortcut key combination. Once a 
macro has been recorded, it can also be edited to make 
fine adjustments to it. 


macro: a set of instructions that can be 
completed all at once 
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Examples of macros could inciude: 
e moving to a different worksheet 
e changing the style of a cell 


e sorting data into a set order 


ORKED EXAMPLE 8.50 


e finding specific items of data 


e resetting input cells so they are blank. 


8.51 Macro Cuboid.xlsm calculates the volume of 
a cuboid. Dimensions can be input in the yellow cells 
and the volume is shown in the blue cell. 


A B i D 
Please input the dimensions of the cuboid: 


3 
t Volume = 60 m 


Figure 8.82: Cuboid calculation. 


A macro has been recorded to clear the contents of 
the input values for length, width and height. 


Record blaca 7 x 


Haos name: 


Ckarinpuës 


Shonanrt Egy: 
Cirl- 
Store marro ir: 
This Workbook, a 


Deiri iem 


| This macra wall clear the length, midih and height input 
WAIE 


OK Cancel 


Figure 8.83: Recording the macro. 


The following steps were taken to record the macro: 
e The Start Recording option was chosen 
e Macro was given a name ‘ClearInputs’ 
e Cells B3:B5 were selected 
The delete key was pressed 
e Cell B3 was selected 
e The Stop Recording option was chosen. 


Each time the macro is run, the length, width and height 
inputs are cleared: 


A E L 
1 Please input the dimensions of tt 
2 
3a Length: 
4° Width: 
5 Height: 
E 


Figure 8.84: After macro has been run. 


When recording a macro, the spreadsheet software will 
usually generate some code for the macro which will allow 
the developer to fine tune how the macro works. 
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© 


The code generated for the macro that was recorded 
to clear the cuboid input values is: 


WORKED EXAMPLE 


Sue Thee Topsliit 


hon mnra Hlib cha a Tehi, eben pe ink va ese 
EE CE i Ei ee es E 
Et ee a S EEE T | E 
SR peak 
Ene Sn 


Open 8.52 Macros.xlsm 


1 Click on the buttons on the Macros 
Examples worksheet and see what the 
macros do. 


Create the macros suggested in 
the workbook. 


Table 8.13 shows advantages and disadvantages 
of macros. 


- 
The macros need to be 
performed quickly rather | created before they can 
than having to perform | be used. 
them manually over and 
over again. 


Repetitive tasks can be 


Complex tasks can be 
completed quickly oy 
simply clicking a button 
or a shortcut key. 


Macros can easily go 
wrong and perform 
the wrong actions if 
they have not been 
created properly or are 
not started from the 
intended starting point. | 


Enables software to be 
| tailored to meet the 
needs of users. 


If only shortcut keys 
are used then it can 
be difficult for users to 
remember the shortcuts. 


Table 8.13: Advantages and disadvantages of macros. 


Customise the user interface 


Macros can be run from a menu but this can often 
require quite a few actions. For example, in Microsoft 
Excel this would require the following actions: 


e Click on Developer ribbon 
e Click on Macros button 

e Select the macro to run 

e Click on Run. 


Instead, a button can be added to the spreadsheet screen 
that will run the macro with a single click. 


8.51 Macro Cuboid.xlsm includes a button that runs 
the macro to clear the input values. 


A B Č D 


Please jngut the dimensions of the cuboid! 


a | 


4 Length: 

4 Width: 

5 Height: 

È |volume=] 6G m” 
3 s a Y 

z Reset Values 
1b 


Figure 8.86: Sutton to run macro. 


Other form controls include those shown in Table 2.5 in 
Chapter 2. 
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WORKED EXAMPLES} 


8.53 Form Controis.xlsx has a data entry screen 
for applying for a lease for a holiday home using a 
spreadsheet. 


P| r a 
< Leasing Proposal 

i 

3 Start Ueta LEPACRFA h E 
q (End Year 2025 


rm 


r t > 
E| 
T annual Ghecourt 


[xl 
<4 
od 
Cc 
= 


E 
pest Year Macaun" = Fal s= 
if 

17 [Category of Statie Hanie adar ¥ 3 
12 J 

14 Club Merlier ain Z 
14) i has 


Figure 8.87: Form controls. 


GR ACTICAL ACTIVITY 8.42 


You are going to create a worksheet that will be used 
as an input form for data relating to feed in tariffs 

for renewable energy. Feed in tariffs are payments 
made to a customer for supplying electricity back 

to the national grid. You do not need to create any 
calculations. Figure 8.88 shows an example of what 
the input form might look like. 


Below the End Year is a scroll bar, sometimes called 
a spinner, which changes the value of the contents 
of cell B4. Although it looks like the scroll bar is in 
B5, it is actually an object that is ‘floating’ above the 
spreadsheet. 


Next to Annual Discount is a tick box, often called a 
check box, which changes the value of cell C7. If it is 
ticked, C7 will be TRUE but if it is not ticked then C7 
will be FALSE. Similarly, the tick box next to First Year 
Discount is linked to cell C9. 


The drop down box, often called a combo box, can 
have three values of Platinum, Gold or Silver. When a 
value is selected, the value in C11 changes to match the 
position in the list of the value in the drop down box. 
For example, Silver is the 3rd item in the list, so the 
value of GU is 3. 


The option buttons for Yes or No are linked to cell C13. 
If Yes is selected then the value of C13 will be 1 and if 
No is selected then the value of C13 will be 2. 


Darnastic Fead in Tariff [FIT] Calculator 


Top Sarees coy Boe Ti E | 
See JAAA Boe 
He mhn Fat ELL 
ara a 
E + 

res EH niais 
at ot oe ote eee 

2 
Eriz typ: 
cavesctropron es | rn my 

E a 


on Das gered 
ach geet 


meee ee 


—— 


Era ot nihikr 
MR AS app p a 


Tate bi Te pTi perce pir uri 
ieii An LT cah 


Figure 8.88: Feed in tariff input form. 
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C,D,E, For G. 


| 5 Create a tick box for the micro renewabie certification. 


8.8 Graphs and charts 


Analyse and select a chart 


Create a drop-down box (combo box) for the Energy Performance Certificate (CPC) which can be A, B, 


Create a scroll bar or slider or spinner to change the size of the system. The size of the system can 
range from 0.01 kWh to 9.99 kWh. Hint: use values 1 to 999 and divide the result by 100. 


3 Create a grouped set of option buttons for the renewable type which can either be ‘Solar PV’ or ‘Wind’. 


4 Create a grouped set of options for the house type which can either be ‘New build’ or ‘Retrofit’. 


Graphs or charts are used to show information in a way that makes it easy to compare values. This could be as simple 
as showing the month!y sales in a column or bar chart or it could be more complex and show how hospital waiting 
times vary during a month compared with their targets. Charts that show more than one set of data are known as 
comparative charts because data for one set can be compared against data for another set. 


WQRKED EXAMPLE 8.54 


8.54 Graphs and Charts.xls includes some examples 
of graphs and charts. The worksheet Monthly Sales 
contains a bar chart showing the Monthly sales over 

a period of 12 months. Notice how a chart title and 
x-axis title have been included: 


bor 


Monchty sales 2OL4 


hearths 


pm 
5 MED e Ey 
Faini, 
muay 
q IEI xn pman BL EHH HN 


Figure 8.89: Monthly sales bar chart. 


The comparative bar chart on the worksheet Worldwide 
Sales compares the sales of different continents for each 
of the months in 2015. Notice how a legend is used to 
show which continent is represented by which colour: 


Montkh worldwide sales 201% 


Nehe E 
th aS 
BI Bo 


meth ed urge 


Figure 8.90: Worldwide sales comparative bar chart. 
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The chart currentiy shows sales for Australia, Asia 
and Europe but 1t may be that only the sales for 
Europe and Australia need to be shown. Australia 
and Europe are in non-contiguous (non-adjacent) 
columns. One way of creating the graph would be to 
select only the columns that are required. Depending 
on the software being used, this can often be achieved 
using the Ctrl key to highlight non-contiguous 
columns: 


Monthly Sales Europa Asia Australia 


January Jarrad 153710 atase 
BASES 4835590 gaT 

E881 10578 537289 

Azpei 122950 513220) 

B76780 d704i6 454170 

FIGI] 4b556 544387 

258994 156400  64R415 
Augu 527235, 340102 12103 

if september Fouo27 175028 762987 
Uictaber “CHS SJUS MABE 

SS Naverriber BAIS 434123 C36699 
SEN December 395081) 288689 0 567735, 


Figure 8.91: Selecting non-contiguous columns. 


Note that this method can be used to select any 
specified range of data. Another way to achieve this 
would be to remove the Asia data series from the 
chart: 


Legend Entries Genes 
aA] sda > Edit 


Eurape 


australia 


Figure 8.92: Removing Asia data series. 


The chart is also only showing the sales values at 
intervais of 200,000. This can be changed to a different 
data interval by setting the major units. In the example 
below, the data interval (major units) have been set to 
100,000 and to enable more space on the graph, the 
display units have been set to Thousands: 


Units 


Mi ajor 1 00000,0 Reret 
Minar 0000 Auto 


Vertical axes roser 


® Automatic 
Avis Wee 
+ 


MAMU m ak value 


aay units Thousands + 


afl © 


how display units label on chast 


Figure 8.93: Changing data interval. 


The graph now looks like this: 


Morth Warddwide Sales 1015 


A eae 


H o HO Ma Ax o OWU EEO o ga N D 
Tiyisirdz 


Salia 


mAr m rs | 


Figure 8.94: Monthly worldwide sales bar chart. 
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If we wanted to add the Asia series of data back again, then we could add a new series and specify the range of data 


to use (C2:C13) and the name of the series (C1 = ‘Asia’): 


425550) 


| se rer ame 10578 
e Mea] 122080 

ans 470416 

r127] 4n654 

luly 258904! 156400 
August 527236) 340102 

fee September 790027] 175028 
Oetoher cu 4 S02 55 
Vovember 843379] 382453 

eM December 395084) 288689 


Figure 8.95: Adding Asia data series. 


Line graphs are similar to bar charts in that they show the size of data, but they are mainly used to show how data 


changes over a period of time. 


WORKED EXAMPLE 8.55 


The first line graph on the worksheet Waiting List in 
8.54 Graphs and charts.xls shows how waiting times 
at the Kerslake Hospital have fallen over a four-year 
period. Notice how the minimum value on the y-axis 
scale is 2.0 hours and the maximum value is 3.6 hours. 
The y-axis scale has intervals of 0.2 hours. Both y and 
x-axes have been given axis titles. 


Kevsloke Hospital waiting tines 


lasix 
a = 
L 


= a 
= fs 
Zo 
aa 
i 
inis Ima G] ani 


Tra 


Figure 8.96: Kerslake Hospita! line graph. 


The comparative line graph on the worksheet Waiting 
List compares the waiting times of three hospitals over 
a four-year period with the target waiting time of 2.5 
hours. Notice how the y-axis scale has intervals of 0.5 
hours, the maximum value for the y-axis scale is 5.0 and 
the minimum value for the y-axis scale is 1.5. 


Waiting tiros 7017 #015 


Year 
—@—cC £6: jl E Boo) =E irl ae 


Hoge d—@— ot 


Figure 8.97: Hospita! waiting times comparative 
line graph. 
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While pie charts can also sometimes be used to show actual values, they are usually used to show proportional data. 
Pie charts showing proportional data show the proportion or percentage of each data item. 


nie} ? 


The worksheet Head Boy in 8.54 Graphs and charts. Finally, look at the Financial Performance tab on the 
xls contains a pie chart showing the proportion of worksheet. It contains a combination chart. Think 
votes received for each student standing in an election about what information is being conveyed here. 
for head boy of a school. Notice how a legend is not 
necessary because each segment has been labelled with Revenue compared with 
the name of the data item. Each segment has also been Profit Margins 
labelled with the percentage of the total voie that each 
data item represents, and the sector for the boy with the 0 oggi 
most votes has been extracted (exploded). AE taii 

rinman VOTES far Heard Boy a0 

ix i 


ni 
ale 


7016 
mijiF 
2071 


Fons 
[= wi o En 

| 
ee A 
11S m i 
c 5 & S ‘6 

= ml =a = i 

Ly "A "d w — 

Z a E FF 
Frafit Margin 


Year 
E eene =Protit Margir 


Figure 8.98: Head Boy pie chart. Figure 8.99: Combination chart. 


a > 


Sometimes, two different data series relating to different data sets need to be plotted on the same chart but they have a 
different set of values. In this case, a combination (combo) chart can be used which would include a column chart for 
one set of data and a line graph for the other set of data. 


WORKED EXAM PLSD 


In this example, the contiguous (adjacent) columns for 
Year, Revenue and Profit Margin have been selected to 
create a column chart. However, the Year has not been 
automatically selected as the value for the x-axis. 
The horizontal axis labels are currently shown as: 


Chert THe Heowizoertal [Category Azii Labet: 


H= | A 


= TVS es 
TI 1 
na fa 
hay. 
EIT ? 

, of of ol al u 
L È E] J 5 4 
Eei Bei BR 5 
1 
Figure 8.100: Column chart Figure 8.101: Horizontal axis labels. 
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CONTINUED 


7 


== j iD- 


Figure 8.102: Editing horizontal axis labels. 


This can be changed by editing the horizontal axis labels 
to use the specified range A2:A6 where the years are 
found in the table: 


data: 
Legend trinn Birried) 


Gadd 


Stede || > = 


Reworive 


Hoot) hangin 


Figure 8.103: Removing the Year. 


The Year can also be removed from the legend and series 


The graph now includes the revenue and profit margin 
but the profit margin is so smal! compared with the 
revenue that it can’t be seen: 


Chart Title 
ede 
Pira pa) 
Fieu ami 
Ldn 
po 
Boon 
a 
2039 a0 
Bnn Bel wae 


Figure 8.104: Chart with revenue and profit margin. 


A secondary axis is required for the profit margin data 
series. The chart type can be changed to a combination 
(combo) chart with the Profit Margin as a Line Chart 
and having its own secondary axis: 


F 
Dimi il ype i w 


Beem sealed Tah a Re 


ci erom Ae i ee 


bh akin 

Pr la Dorr erhi risi i 

a aa Shan Tie 

E ba KEK on 
Wh Jaime IBS 4 — EEA 

[i Ev Beata FAAN —- J- T. aA 
oni Ta a ima 
Å- tua Ke hi 

į x l wI 
n a i sH 
m mi ou oam oa 


vw m orb 
I ariu TE ra Lha El oO 
l Aiia Lire «| E 

| corti 


Figure 8.105: Combination chart. 


Finally, the chart title, axis labels and units can be added: 


Revenue compared with 
Profit Margins 


aC aoe 


15 OO: 
20 iod 
ES T0533 
al agr 
5 mols 
ü iog 
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Yeli 
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Profit Margin 
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Figure 8.106: Final chart. 
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When selecting which type of graph or chart to 
produce, you should consider the general rules shown in 
Table 8.14. 


Used to show a single series of | 
data in columns or rows. 


Bar / column 
chart 

Comparative bar | Used to compare more than one 
/ column chart | series of data in columns or rows. 


Used to show how a single series 
of data changes over a period of 
time. 


Line graph 


Comparative 
line graph 


Used to compare how more than 
one series of data changes over 
a period of time. 


Pie chart Used to show the proportion that 


is used by each item of data. 


Used to show more than one 
series of data using a combination | 


of a column and line chart where 
there is a secondary axis. 


Combination 
(combo) chart 


Table 8.14: Rules for selecting type of graph or chart. 


Formatting a graph or chart 


When creating a graph or chart, you should ensure that 
it is formatted appropriately. 


ro 


A brief overview of what the graph or 
| chart is showing. 


A key to show what the colours used 
represent. 


The name given to a series which can 
be used on a legend. 


Series label 


Value axis Each of the axes (usually x and y) 
label should include the values including 


any units. 
Category 
axis label 


Each of the axes should include a title 
to state what the data represents. 


2 
Secondary | A second axis used to show data for 
axis a different set of values to the primary 
axis but using the same direction of 
axis. 


Percentages | When using a pie chart, the 
percentages may need to be 


displayed for each segment. 


Segment Instead of a legend, each segment in 


label a pie chart could be labelled with its 
description. 


As wall as, or instead of the 
percentage, each segment in a 
pie chart could be labelled with its 
quantity. 


Segment 
value 


Extract / 
explode pie 
chart sector 


Extract one sector of a pie chart from 
the rest of the pie chart by moving its 
position. 


The scale of the y-axis can be set to a 
normal or logarithmic scale. 
The interval between values on an 


Data interval 
/ major units | axis. 


The maximum value to be used on an 
axis. 


Axis scale The minimum value to be used on an 
minimum axis. 


Table 8.15: Labelling graphs and charts. 


Open 8.38 Maths results.xls. 


1 Create a bar chart to show the marks for 
each student. 


2 Include a title and axis titles. 


Open 8.41 Physics results.xls. 


1 Enter some marks for each student for 
each test. 


Create a comparative bar chart to show the 
marks for each student in each of the tests 
1,2 and 3. 
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8 Spreadsheets 


it into the other software, such as word processing for a 
report, or presentation software for a presentation. It is 
also possible to link the exported chart to the original 
spreadsheet data so that if the data changes within the 
spreadsheet then the chart will update in the software to 
which it has been exported. 


Include a title and axis titles. 


Include a legend for the tests. 


Change the y-axis maximum scale 
value to be 50. 


Aeng mie eteecale to hove PRACTICAL ACTIVITY 8.44 
intervals of 5. 


Open 8.54 Graphs and charts.xls. 
Copy the graph Monthly sales 2015. 


1 Create a comparative line graph to show 
the attendance of each of year 1 and year 2 Open a word processor or 
over the period of the year compared with presentation software. 
the target. Select the option to paste as a link (you may 
2 Label the chart appropriately. find this under paste special). 
3 Adjust the y-axis scale and maximum scale Ensure that the link option is selected and 
values appropriately. the object type (graph) is identified. 
4 Include a legend. Save this new document and close it. 
5 Change the line type of the target series to Change some of the data in the Monthly 
be dashed. sales worksheet. 
Open 8.11 Member List.xls. 7 Save the spreadsheet. 
1 Open the worksheet Pie Chart. Change | 8 Reopen the new document you created and 
‘Count of Membership Status’ to ‘Count ot check that the graph has changed to reflect 
| membership status’, ‘Membership Status’ the updated data in the spreadsheet. 
to ‘Membership status’ and ‘Grand Total’ to 
‘Grand total’. 
2 ! . , 
Create a pie chart to show the proportion of Questions 


1 


2 


A chart can be created in a spreadsheet and then used 
within other software by copying the graph and pasting 


Open 8.26 HLookup.xis. 


members for each status. 


7 Identify and give reasons for the most appropriate 
type of chart or graph to show the number of 
missed refuse collections shown in Table 8.16. 


Give the chart a sensible title. 


Add the percentages and membership 
statuses to the pie chart segments. 


YeaiN~ Vesey New Hall _ Trinity 


favio f 2502 | as | ami 


Create an appropriate chart to show the 
ppropriat 
products, original price and discounted price. 


Table 8.16: Missed refuse collections. 


Label the chart appropriately. 


Ne l 
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8 Identify and give reasons for the most appropriate 
type of chart or graph to show the data shown in 
Table 8.17. 


x 
AO 

How would you have drawn a graph or chart 
without being able to use a spreadsheet? What 
would happen to that graph or chart if the 
original data changed? 


Student ma Mark Mark Mark Average 
2 3 


Discuss situations where data could be valid but 
incorrect. 


Think about projects you have completed 

at school where you could have used a 
spreadsheet. What features of a spreadsheet 
would have been useful for this project and how 
would you have used them? 


Table 8.17: Student marks. 


Q 
REVIEWPRACTICAL ACTIVITY 


Open 8.56 Review Task.xlsx and look at the VehicieRates worksheet. 


A vehicle hire company rents out vehicles to customers. The types of vehicle available are shown in A4:A11 
which has a named range of ‘VehicleTypes’. 


The table in columns A to F shows the types of vehicles available, the minimum age of drivers for each 
vehicle, and the charge rates for each vehicle. 


The table of points in cells G7:G9 refers to a set of ranges for the number of penalty points a driver may 
have on their driving licence. Cells G6:G9 have been named Points. 


Cell B13 refers to the number of drivers that will be hiring a vehicle. 


—_ 


Merge cells C2:F2, give the merged cell a yellow shading and align the text centrally in the cell. 
2 Resize columns A to F so that all the data is visible. 

3 Name the range A4:E12 as VehicleRates. 
4 


Insert a new row between rows 5 and 6 for an ‘Estate’ vehicle which has a minimum age of 21 and 
charging rates of £34, £38 and £42. 


The charge rate is determined by the number of driving conviction points that a driver has had in the 
last 5 years. 

e Oconviction points = Rate 1 

e 1-3 conviction points = Rate 2 


e 4-6 conviction points = Rate 3 
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If there are any additional drivers, then whoever has the highest number of conviction points is used 
to determine the charge rate. The driver in the example above has 3 penalty points and so would be 
charged rate 2. 


Switch to the Quote worksheet. 
The Quote worksheet is an input form used to caiculate the cost of hiring a vehicle. 


5 Create a validation rule in C16 that will only accept vehicles that exist in the named range VehicleRates. 
Use an appropriate error message if invalid data is input. 


box should only contain the values trom the named range Points and must be a form control, not a 
validation rule. The charge rate should be stored in F12. 


7 Create option buttons for the number of additional drivers which can be 0, 1 or 2. The option buttons 
should be linked to ce!! B2 on the VehicleRates worksheet. 


The quote reference is calculated by taking the initials of the driver and adding the year of the current date, 
followed by a hyphen, followed by the month of the current date, followed by another hyphen, followed 

by the day of the current date. For example, the reference for Caleb Andrews on 20% May 2019 would be 
CA2019-5-20. 


8 Create a formula in Fé to calculate the quote reference. 


The expiry date is calculated as 7 days after the date of the quote. Assume the date of the quote is the 
current date. 


9 Create a formula in F8 that calculates the expiry date of the quote. 
The minimum driver age is calculated by locking up the type of vehicle in the VehicleRates table. 
10 Create a function in F10 to find the minimum driver age. 


11 Create a validation rule in C18 for the youngest driver age to be at least 16. Use an appropriate error 
message if invalid data is input. 


12 The hire rate per day is caiculated by looking up the type of vehicle in the VehicleRates table and 
finding the correct column for the charge rate. Create a function in F14 to find the hire rate per day. 


13 The number of days is calculated to be inclusive of both the cate of hire and the date of return. Create 
a formula in F16 to show the number of days the vehicle wil! be hired for. 


14 The hire rate is calculated by multiplying the number of cays by the hire rate per day. Create a formula 
in F18 to calculate the hire rate. You should only use named cells within your formula. 


If there is one additional driver, then there is a 15% additional cost. If there are two additional drivers then 
there is a 22% additional cost. 


6 Create a drop-down box for the number of Conviction Points. The input range of the drop-down 

| 15 Create a function in F20 to calculate the additional percentage based on the number of additional 
drivers selected. Format the cell to display this value as a percentage. 

16 Create a formula in F22 to calculate the additional charge for additional drivers. 

17 Create a formula in F24 to calculate the total cost of the quote including additional drivers. 


18 Format any cells that contain currency to include a currency symbol and 2 decimal places. 
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19 Test your spreadsheet works using the following test plan: 


Test data input value Type of Expected result 
test data 


Firstname: Merrick Quote reference: MWyyyy-mm-dd (where yyyy is current 
Surname: Woodward year, mm is current month and dd is current year) 
Date of Hire: 21/12/2020 Expiry date: (one week after current date) 

Date of Return: 28/12/2020 Minimum driver age: 18 

Vehicle: Hatchback Charge Rate: 3 

Youngest driver age: 23 Hire rate per day: £38.00 

Conviction Points: 5 Number of days: 8 

Additional drivers: 1 Hire rate: £304.00 

Additional drivers %: 15% 

Additional drivers amount: £45.60 

Total quote: £349.60 


20 Print a copy of the Quote worksheet in both normal view anc! showing formulas ensuring that no 
formulas or functions are truncated. 


21 Protect the worksheet so that only input cells can be edited with all other cells being read-only. 
22 Create a macro that will clear any input data. The macro must not clear any formulas or functions. 


23 Complete the test plan below for the input of Vehicle. 


Test Description 
Number 


1 [Vehide validation Pi Transit 


1 
2 Vehicle Sedan | “You must select a vehicle 
I from the list’ 


24 Complete the test plan below for the input of Youngest driver age when booking a 9-seater vehicle. 
Test Description Type of Test +] input Data | Expected Output Value(s) 


Number AS Value(s) 


Extreme 


Youngest driver age validation | Abnormal 
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8 Spreadsheets 


Figure 8.107 shows cars that are owned by a driving school. It calcu!aies the fuel type of each car, the cost per litre 


of each fuel type and the cost per gallon. 


A B Cc D E F 
1 Registration | Make Model Fueltype | Cost per litre | Cost per gallon | 
2) BXS6JWL Ford | Mondeo Diesel $ 1.25 | $ 5.69 
3° BX56JWM Saab | Saab 9-3 Petrol $ 1.17 | $m, «5.32 
4 BX56JWN | Land Rover |Discovery Diesel $ 1.25 |$ 5.69 
5 BX56JWP Smart |Smart Car LPG $ 0.85 |$ 3.87 
6 BX56JWR Ford | Mondeo Petrol $ 1.17 |$ 5.32 
7 BX56JWS Saab | Saab 9-3 Diesel $ 1.25 |$ 5.69 
8 
9 | Fuel type Cost per gallon 
10 | Diesel $ 5.69 
11 Petrol $ 5.32 
12 LPG $ 3.87 


Figure 8.107: Driving school spreadsheet. 


Rows and columns are used in the spreadsheet. 


1 a Usean example from this spreadsheet to describe a row. 


Formuias and functions have been used in the spreadsheet. There are 4.55 litres in a gallon. 


b i Using an example, describe a formula. 
ii Write the formula used in F2. 
iii Describe a function. 
iv Identify the type of formula used in E2. 


The driving school would like to see ail their petrol cars but not the other cars. 


[2] 


[2] 
[1] 
[2] 
[1] 
[Total 8] 


2 a Explain how the driving school could see all their petrol cars but not the other cars without losing 


any data. 


[2] 


b Explain how the fuel types could be identified quickly using a different colour for each without 


changing them a! one by one. 


Absolute and relative cell referencing have been used within the spreadsheet. 


3 Using exampies, explain how absolute and relative cell referencing have been used. 


The spreadsheet model is going to be used to calculate the costs of using each car. 


4 a Explain three advantages of using a spreadsheet to model the costs of using each car. 
b Explain one disadvantage of using a spreadsheet to model the costs of using each car. 
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[2] 
[Total 4] 


[4] 


[3] 
[1] 
[Total 4] 


CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: 


I can create eu edit a spreadsheet structure to meet the requirements of an audience. 
I can pro“ect cells and their content. 

I can freeze panes and windows. 

I can create formulas and use functions within a surcadsheet. 

i can use absolute reference, relative referer.ce, named cells and named ranges. 

I can know and understand why absolute and relative referencing are used. 

I can use validation rules within a snreadsheet. 

I can format the content of cells ¿od the emphasis of cells. 

I can test a spreadsheet strvciiwe including formulas, functions and validation rales. 
I can extract data from a screadsheet using search facilities. 

I can sort data in a sptcadsheet. 

Į can summarise and display data using pivot tables and pivot chevis. 

I can impo;t cud export data to and from a spreadsheet. 

I can cecte a graph or chart in a spreadsheet for a specific purpose. 


I cau apply formatting to a graph or chart. 
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BEFORE YOU STAR® 


e Do you know how to use a spreadsheet? 


e Do you understand that spreadsheets can be used for modelling? 
e Are you able to test formulas within a spreadsheet? 


e Are you able to test validation rules within a spreadsheet? 


° Computer Aided Design (CAD) enables designers to 
| nt ro d u ct ION produce a model of a physical object. This could include 
a kitchen, a building, a motor vehicle or an aeroplane. 
CAD software can include features such as viewing 

an object in two dimensions (2D) or three dimensions 
(3D), manipulating objects within the model, adding 

or removing objects, viewing the model from different 
angles, appiving different effects such as colour and 
lighting, and focusing on specific features such as the 
electrical cabling or heating system within a building. 


A computer model is a representation of a real-world 
process. A model is created through mathematical 
analysis of the real-world process. A simulation is the 
use of a computerised mode! to predict how a real-life 
system might behave. Detai!s in a computer model can 
be easily changed to see what effects they would have. 
This is often cheaper and safer than trying out changes 
on the real-world process. 

Modelling software will include some essential features: 


e the ability to change variables within the software 


e asking what-if questions to see what the result of 
changing variables might be 


model: a representation of a process 


simulation: using a m l redict real- . 
malaon unga modeltap e formulas and functions to carry out the 


| life behaviour mathematical calculations that form the basis 


of the model 


e automatic recalculation of formulas and functions 


è e he} 

9 : 1 C h ara cte rist ICS of e rules that define how the model behaves 

Pp A e layers of abstraction so that different parts of the 
mo d e | | ina s ottwa re mode! can be viewed and analysed separately. 

I 

Modelling software is used to create a model. An example of the use of modelling is to create a model 
Spreadsheets can be used to create computerised of a roller coaster. Variables can include the height of 
models, but there are also custom-written solutions that each drop, the radius of loops, the starting speed of the 
are used to model specific processes. carriage, length of each section and the weight of each 


carriage. Calculations will be used to define rules such as 
the amount of friction and how that will slow carriages 
down, the effect of gravity on carriages as they move up 
and down and the g-force that will be experienced by 


For example, a network simulator such as Cloonix can 
be used to model a computer network. The software 
produces a diagrammatic view of the devices connected 
to the computer network. It will be possible to identify passengers. What-if questions could be asked such as 
the Internet Protocol (IP) addresses used on the network ‘What would happen if we increased the starting speed 
and how they are assigned through a Dynamic Host by 2 km/h?’ or ‘What would happen if we increased 
Configuration Protocol (DHCP) server. Wireless the initial drop by 5 m? The effect of these changes in 
networks can be added and security can be configured variables can then be modelled. 

to see what the effects will be. Devices can be connected 

to specific switches and the throughput of data traffic 

can be analysed. 


_ ST U) 
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9 Modelling 


PRACTICAL ACTIVI 


Experiment with a digital single-lens reflex 
(DSLR) camera simulator by changing the 
variables ana seeing how this affects the end 
results. You can find an example simulator on the 
Cameraism website. 


A En eae 


9.2 The need for 
computer models 


There are a variety of reasons why models might be 
used, including training, forecasting and construction. 
Whatever the reason, a model must be able to answer 
what-if questions. 


Models can be used for the purpose of training people 
to use equipment. This could range from learning to 
drive a forklift truck to flying an aeroplane or operating 
a nuclear power piant. Models are used for training 
because there is less risk of injury to the trainees and 
instructors than learning in a real environment. When 
learning to drive a forklift truck, the trainee may make 

a mistake by lifting a load too high and toppling the 
truck. In real life this could cause serious injury as well 
as costing money in terms of repairs, but using 4 model 
removes both of these risks. Costs are saved because 

real equipment does not suffer wear and teai, fuel is not 
required to operate machinery and instructors do not 
need to be present all of the time. It is also possible to test 
the trainee in unpredictable situations such as turbulence 
for an aeroplane or driving a heavy goods vehicle on ice. 
Unpredictable situations that would happen in real life 
can also be removed fox trainees when they first start 
learning so they can {ocus on basic controls. 


Models can also be used for forecasting. One of the most 
common models for this purpose is weather forecasting. 
Patterns that have happened in the past can be analysed 
along with current data to predict what the weather might 
be in the future. Businesses and governments use financial 
modeling to predict what might happen to profits or the 
economy. It is too risky for a business to make sudden 
changes in the marketplace without testing thein out 

with a model first. A variety of what-if questions can be 
asked using a model to determine how to make the most 
profit. Variables that could be changed include selling 
prices, adjusting the quantity of products to supply at any 
given time, times of year to seli products and the effect of 
weather on seasonal sales. 


Constructing buildings, kitchens, gardens, motor 
vehicles and other objects can be a very costly process. It 
is important to get it right first time as any adjustments 
that have to be made in the real world will incur 
financial costs. Models help to experiment with different 
designs to see which look is most aesthetically pleasing 
and which ones react best to environmental conditions. 
When designing a kitchen using modelling software, 
variables such as lighting, worktops, cupboard doors, 
position of units, flooring and tiling can be changed 

to see which configuration looks the best. Cupboards, 
drawers, dishwashers and cookers can be opened to see 
if they use the space efficiently. The angle of view can 
be changed in a 3D environment to see what the kitchen 
might look like from a variety of angles. 


Models can be used to predict population growth. 

It’s important for governments to know what future 
populations will be so they can plan for housing, 
transport infrastructure and public services. Scientists 
model population growth within natural habitats. They 
can identify the existing population and reproduction 
rates and predict what future populations will be. There 
will come a point when the population will outgrow 

its carrying capacity (number of inhabitants that can 
survive on limited resources) and the growth rate will 
adjust. This is known as density-dependent growth. If 
there are no limiting resources, then the growth rate 
would be expected to increase exponentially. This is 
known as density-independent growth. 


PRACTICAL ACTI 


Experiment with the Wolfram population growth 
model, which you can find on the Wolfram 
Demonstrations Project website, by changing 
the initia! population, growth rate and carrying 
capacity variables. 


Climate change models consider the interactions 
between the atmosphere, oceans, land, ice and the sun 
to estimate climate trends. Climate change models are 
used for long-term predictions and it can be decades 
before it will be known if the model is accurate. Models 
will include several scientific rules such as the first law 
of thermodynamics, the Stefan-Boltzmann Law, the 
Clausius-Clapeyron equation and the Navier-Stokes 
equations, but they include so many uncertainties 

and are so complex that there is no known exact 
solution. These compiex models require the use of 
supercomputers. Climate change models differ to 
weather forecasting in that they predict average weather 


Ne E) 
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conditions over a long period of time rather than 
specific weather conditions on a given day. Models from 
the past can be tested against what really happened to 
see if the model was accurate, enabling the models to be 
improved for the future. 


PRACTICAL ACTIVITY 9.03 


Search on Youtube for the video of the 
installation of the final phase of the Met Office 
Supercomputer to see the scale of just one of 
The Met Office Hadley Centre’s three Cray SC40 
supercomputers which are capable of 14,000 
trillion calculations a second. 


Models can be used to help with queue management. 
This can include queues at a supermarket, telephone 
helpline queues and amusement parks. Being able to 
predict the number of customers and having rules 

that define how long it takes to serve each customer 

can help to determine how many staff are needed to 
serve the customers. Queues can be quite simple as in 

a supermarket or they can be complex where different 
customers are given different priorities. These rules such 
as ‘first in first out’ or ‘shortest job first’ will form part 
of the model. The behaviour of customers can also form 
part of a model, including balking (deciding not to join 
a queue if it is too long), jockeying (switching between 
queues) and reneging (leaving a queue). Variables will 
include number of customers, number of servers, time to 
serve a customer and expected number of customers at 
different times of the day. 


Models can also be used for traffic flow. This can 

help with planning new roads, improving existing 
roads or building new shopping centres or residential 
areas. Models will take into account existing traffic 
movement and projected changes in the number of 
vehicles expected along a route. The model can be used 
to experiment with different traffic control measures 
such as traffic lights, traffic islands or traffic calming 
measures. Transport planners can then see what effect 
making changes to the roads would have without 
committing to projects that might not be suitable. 
Variables within the model can include length of 
vehicles, vehicle speed, average acceleration of vehicles 
and congestion. Different modelling techniques are 
used, such as microscopic models that model the 
behaviour of single vehicles, and macroscopic models 
that model the behaviour of a stream of vehicles. 


Go to the Onramp traffic simulation website and 
try out their model of road traffic flow. 


Identify the variables that can be changed and 
what the effects are of changing these. 


What questions could you ask of the model? 


9.3 What-if analysis 


What-if analysis is the process of asking the question 
‘what would happen if ... ?’. 


KEY WORD 


what-it-analysis: experimenting with changing 


variables to see what would happen to the 
output if those variables changed 


Some examples of what-if questions in a financial 
spreadsheet model might include: 


e What happens to the total income for the month if 
we increase the selling price by 20%? 


e What happens to our costs if we use a different 
supplier for one of our parts? 


e What happens to our total expenditure for the next 
five years if we move to new premises? 


Part of what-if analysis includes the use of goal seek. 
It is possible to set a goal and find out what needs to be 
done to achieve that goal. Some examples of goal-seek 
questions might include: 


e What price do we need to sell at in order to sell 
5000 items per month? 


e How many items do we need to sell to break even 
(zero profit and zero loss)? 


goal seek: seeing what a variable needs to 


change to for a goal in terms of output to 
be achieved 


Nn aaO 
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9 Modelling 


PRACTICAL ACTIVIT 


Open 9.01 bike hire.xlsx which is a model to calculate the profit that would be made for different numbers 
of bikes being hired. 


1 a What would happen to the profit if the number of short male mountain bikes booked was 
changed to 70? 


h What if there were no short male mountain bikes booked? Did any other data change when you 
changed the quantity booked? 


| 2 What would happen to the profit if the junior hourly rate was increased to £12.50? 


3 Experiment with changing other variables within the spreadsheet model and watch what happens to 
the outputs. 


9.01 bike hire.xlsx calculates the profits for a bike hire company. In this example, the company wants to see how 
many bikes of a particular type they need to hire out to increase their profit to £2500: 


| GaaS 7 | 
E Ot H d i i.» & 5 [Raa | 
$ | Zat celt un Ea 
g] i Toye; ast “alll 
Cwontdy Gusantiby j _—-> eters] 
1 Available Booked _ Income 3 r. poe | firchanging cell; 335 E] | 
5 j E Eare E H I ims. woo mi $ ; | 
ii g AE i e o gi 4 | | Cancel | 
7 £ AEDE Tanim] l | 
ñ | È 210. Coe nieme a Sea È 414.50 
À E TEL DE Coe y Junior Sa È 270.00 
“th & 1441.00 Tyal Cask of Sis È gta 
t] ; 126.00 
F F 162.00 Profi Peet a 


Figure 9.1: Goal seek configuration. 


Figure 9.2 shows the result of the goal seek being 65.63333 bikes, which would of course need to be rounded up to 


70 bikes: 
| Goal Seek Statues 7 x 
F z H l i n 4 Goal Seeking with Cell Li2 eS 
i | found a scduteon. 
3 i i | Tengetvebue 2500 
Quantity Quanity | Cumrentvalue igoa 


1 Sevilable Booked č Income Seah ir pms 
5 È 354.59 Inert Cancel 
ï E 735.01 Junia EE re ee a z EPEN xE EAE 
7 E 205 | a a 
| E 219.09 ate) of ened E 4150 
g = 132.33 Coat of erlo Slat E 21000 
AG. E 1. Tosi Cost of Shalt E eats a 
E 10 
zi T 17 m Fretil E rora 


Figure 9.2: Goal seek result. 
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PRACTICAL ACTIVI 


Open 9.02 student marks.xlsx which shows exam and coursework marks for students in a class. 
Use goal seek to answer these questions. 

1 What coursework mark would John need to increase his total mark to 390? 

2 John resits exam 3. What mark does he need to increase his total to 425? 


3 Sameena resits her coursework. What mark does she need to get a total of 380? 
4 Fathima hasn't taken exam 3 yet. What mark does she need to get a total of 250? 
| 5 Experiment with setting your own goals. 


9.4 Test a spreadsheet model 


In Chapter 8 you learned how to choose test data and to test formulas, functions and validation rules within a 
spreadsheet. When testing a spreadsheet model, it is important to test all aspects of the model. This could include: 


e = formulas and functions s graphs and charts 
e — validation rules e cell and worksheet protection 
e conditional formatting e macros. 


e form controls 


A test plan needs to be created to test all these aspects of the spreadsheet model. It needs to include clearly identified 
input values and the expected output values. 


9.03 Block Paving.xlsm produces a quote for block paving a driveway. Here is an extract of a test plan for the model: 


Number Descriptig K Type Input Value \ Expected Result 


Valid | Input Screen: © [Area on Invoice = 84 
Length = 12, Width = 7 


Input Screen: Invoice customer name = ‘Mr. Marzi’ 
Customer Name = ‘Mr. Marzi’ 


Input Screen: Error Message = ‘Only use real 
Length = ‘twelve’ numbers (e.g. 12.3)’ 


Invoice displays in print preview 
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9 Modelling 


PRACTICAL ACTIVI 


Open 9.03 Block Paving.xlsm 


1 Follow the test plan in Worked Example 
9.02 and see if the actual results match the 
expected results. 


` ; | 
2 Create another four entries for the test plan | 


in Worked Example 9.02 


| 3 Ask somebody else to follow your test pian 
entries exactly as they are written and see 
if there is anything you could have put 
more clearly. 


Extension 1: add cell protection, additional 
form controls and conditional formatting to the 
spreadsheet. Extend your test plan to cover 
these new features of the model. 


Extension 2: open 9.04 Theme Park Queue 
Model.xlsm and create a test plan to test the 
theme park queue model. You will need to spend 
a bit of time understanding how the model works 
and how the graph and conditional formatting 
respond to input values. 


Q o N 


9.5 Evaluating the 
effectiveness of 
spreadsheet models 


There is a variety of tools within a spreadsheet that can 
be used to help with modelling: 


e variables that can be changed to ask what- 
if questions 

e formulas and functions which define the rules 
of the model 


e graphs and charts which can show a graphical 
representation of the forecast 


e instant, automatic recalculation of formulas, 
functions and graphs/charts to answer what-if 
questions immediately 


e conditional formatting to highlight the effects 


e  goal-seek to find out what variables need to be 
changed to achieve a given outcome. 


Other advantages of spreadsheet models include the 
ability to share the spreadsheet with colleagues easily 

so that many people can experiment with the model, 

and the fact that most organisations already own 
spreadsheet software which reduces the need for training 
and purchase costs. 


Spreadsheets do have their limitations though. They are 
only as accurate as the formulas and functions that are 
the rules that represent the real world. Unless extremely 
complex rules are used, then a spreadsheet model will 
never be an accurate representation. These complex 
rules require mathematical and computer expertise in 
order to set them up and it can take a very long time 

to create models thai are truly representative of the 

real world. Spreadsheets can only be used to simulate 
numbers, but cannot simulate the effect on objects. 


Questions 
1 Identify three characteristics of modelling software. 


2 Describe, using examples, how a spreadsheet 
could be used to model the costs or savings to an 
organisation of moving premises. 


9.6 Simulations 


Advantages and disadvantages 
of using a model to create and 
run simulations 


A simulation is the use of a computerised model 

to predict how a real-life system might behave. As 
with modelling, simulations can be used for training, 
forecasting and construction. 


Advantages include: 


e expensive prototypes or the real thing do not need 
to be created in order to experiment with different 
variations and answer what-if questions 


e changes to the model can be made very quickly and 
the effect can be seen just as quickly 


e alternative models and designs can be used to see 
how they react differently 
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e unusual events (for example, earthquakes) can be 
tested without the need to wait for them to happen 
in real life 


e equipment does not suffer from wear and tear or 
damage when being tested or experimented with 


e dangerous situations such as aeroplane equipment 
failure can be simulated without putting 
people in danger 


e simulations can be ‘sped up’ so that effects can be 
analysed over a long period of time without having 
to wait for that period of time to elapse. 


Disadvantages include: 


e the way a simulation reacts is only as good as the 
model it is based upon 


e simulation software and equipment can be very 
expensive to purchase 


e people need to be trained to use simulation 
equipment and software 


e complex models take many years to develop, 
especially if they are designed to react like the 
real process 


e itis impossible for a simulation to be a perfect 
representation of the real-world process. 


The use of simulation 


Natural disaster planning 


When planning for natural disasters, people need to 
know what the effects of a natural disaster might be. 


It is impossible to do this in real life without the actual 
disaster happening and, as they are natural disasters, it 
is impossible to force them to happen. If the planners 
wait for the natural disaster to happen, then it is too 
late to plan. 


Simulations based on models of natural disasters such 
as earthquakes, volcanic eruptions, hurricanes, bush fires 
and tsunamis can be used to see what the effects might 
be. Pianners can experiment with different variables such 
as wind speed and direction to see how quickly a fire 
might spread, which will help them to plan evacuations 
and firefighting. 


As with all simulations, these rely upon the accuracy 
of the model. There will be many things that the model 
can’t predict completely, such as sudden changes in 


wind direction or wind speed and emotional reactions 
to being evacuated. However, planners can experiment 
with lots of what-if questions in order to plan for a 
large variety of circumstances, which means that when 
a natural disaster does occur people can be better 
equipped to deal with it. 


Pilot training 


When it comes to large aircraft, it can cost thousands 
of pounds just to take off, fly and land. This cannot be 
repeated too often as it will become too costly to train 
pilots. Flight simulators can help by removing the fuel 
costs associated with flying. They can also remove the 
danger that a trainee pilot might pose if they make a 
mistake while in the air. 


Flight simulators not only include software, but very 
specialised equipment which can cost hundreds of 
thousands of pounds. The equipment will be designed 
to react in a similar way to a real aircraft, so that the 
pilot can feel the physical effects of any movements 
that they make (including take off, landing, turbulence 
or even a crash landing) in a way that is as close to real 
life as possible. The software will include the rules of 
the model that define how the aircraft should react in a 
variety of circumstances. 


Pilots can also practise landing and taking off at 
airports they have not visited before, including some 

of the most dangerous airports in the world such as 
Toncontin Airport in Honduras. Simulations give pilots 
the opportunity to respond to malfunctions such as an 
engine failure, cabin pressure failure or landing gear 
failure. These would be far too dangerous to attempt in 
real life. 


Figure 9.3: Toncontin Airport. 
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9 Modelling 


Car driving 


Simulators can be used to help to learn to drive a car. In 
most countries, learner drivers start immediately on the 
road having never used any of a car’s controls before. 
They immediately have to deal with hazards such as 
other cars, pedestrians, cyclists, potholes and dangerous 
junctions. In addition to this, other drivers on the road 
are held up because of the learner driver being slow 

and hesitant. 


Simulations can enable a learner driver to become 
familiar with the controls of a car and dealing with 
hazards before taking a car onto the road for the first 
time. A simulator is a safe environment and could 
reduce insurance premiums for driving instructors. The 
simulator could also be used when the learner driver 
needs to attempt manoeuvres such as turning in the road 
or reversing around a corner fox the first time, rather 
than having to do this straight away on a real road. Even 
after a learner driver has passed their test, they could 
use simulators to learn how to drive on a motorway, 
drive in icy conditions and how to handle a car if it gets 
out of control, such as in a skid. 


Simulations can also be used for racing drivers to 
experiment with different car setups to find the optimum 
configuration for a racing circuit, rather than risking 
crashing. Racing drivers would be able to take the car to 
the limit knowing that the virtual crash will not result 

in an injury. However, a simulation will never behave 
exactly the same as the real car as the rules of the model 
will never be perfect. Therefore it is stili necessary to 
practise using a real racing car. 


Nuclear science research 


Nuclear science is very dangerous. Even a small 
accident could expose a person to radiation that could 
cause serious disfigurement or death. It is therefore 

not possible to experiment with nuclear reactions 

in the real world in the hope that something might 
work. Simulations can be used to try out different 
nuclear reactions by adjusting the coolant temperature, 
changing the way the control rods are used and the rate 
of reaction. What-if questions can be asked such as 


‘What happens if I increase the temperature?’ and the 
outcomes can be seen. It’s also possible to speed up the 
simulation so that rather than waiting hours, days or 
even years to see what the effects might be, results can be 
seen much more quickly. 


Nuclear science requires a lot of computing power 

in order to simulate nuclear reactions. For example, 
reactors convert uranium and plutonium through 
nuclear fission which involves millions of collisions 
every microsecond. Even with supercomputers, nuclear 
scientists cannot represent all of these collisions in a 
simulation. 


PRACTICAL ACTI 


Look online for a nuclear power plant simulator. 
An example can be found on the Dalton 
Nuclear website. 


Questions 


3 Describe two advantages of using a simulator for 
pilot training. 

4 Describe one disadvantage of using a simulator for 
learning to drive. 


Consider the implications of not being able 
to model the effectiveness of changing the 
timing of traffic lights, but instead having to 
try it out over a period of time. 


Think about situations that would be too 


dangerous for a pilot to learn how to react to 
in a real aircraft but would be better suited 
to a flight simulator. 


Discuss what other models and simulations 
are used in real life. 
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The spreadsheet shows cars that are owned by a driving school. It caiculates the fuel type of each car, the cost per 
litre of each fvel type and the cost per gallon. 


A B C D E F 
1 Registration Make Model Fueltype | Cost per litre | Cost per gallon 
2 BX56JWL Ford Mondeo Diesel $1.25] 5.69 
3 | BX56JWM Saab | Saab 9-3 Petrol S 1.17 [$ 5.32 
4 BX56JWN | Land Rover | Discovery Diesel $ 1.25 |$ 5.69 
5 BX56JWP | Smart |SmartCar| LPG |$ 0.85 |$ 3.87 
6 BX56JWR Ford | Mondeo | Petro! | § 117 [$ 5.32 
7 BX56JWS Saab Saab 9-3 Diesel $ 1.25 |$ 5.69 
8 
9 Fuel type Cost per gallon 
10 Diesel $ 5.69 
11 Petrol $ 5.32 | 
12 LPG $ 3.875 >| 


Figure 9.4: Driving school spreadsheet. 


1 The spreadsheet model is going to be used to calculate the costs of using each car. 


a Explain three advantages of using a spreadsheet to model the costs of using each car. [3] 
b Explain one disadvantage of using a spreadsheet to model the costs of using each car. [1] 
[Total 4] 

The driving school is considering purchasing a simulator to help students to learn to drive. 
2 a Explain why a simulator would ve used for this purpose. [4] 
b Explain the disadvantages of using a simulator for this purpose. [4] 
[Total 8] 
3 Evaluate the use of simulators for nuclear science research. [8] 


I can use what-if analysis. 


I can tesi a spreadsheet model. 


I can describe the characteristics of modelling software. 


i can explain the need for computer models. 


|_| Ican evaluate the effectiveness of spreadsheet models. 


I can explain how a model can be used io create and run simulations. 
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LEARNING INTENTIONS N KO 

By the end of this chapter, you will be able to: 

e assign a data typ? and an appropriate field size to a field 

e understand the three relationships: one-to-one, one-to-many and many-to-many 
e create ana use relationships 


e create and interpret an entity relationship diagram 
p y p alag 


e understand the difference between a flat file and a relational database and when one might be preferred 
in certain situations 


e create a relational database 

e understand the function of key fields 

e set primary, compound and foreian keys 

e understand referential integrity and its importance 


e use referential integrity 
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CONTINUED , XO 5 


ea +. 
validate ana verify data entry 


perform searches 

use arithmetic operations and logical functions to perform calculations within a database 

sort data 

design and create an appropriate data entry form 

design and create a switchboard menu within a database 

import and export data 

understand the characteristics of data in unnormalised form, first, seconci end third normal forms 
understand the advanteaes and disadvantages of normalisation 

normalise a database to first, second and third normal form 

understand the components of a data dictionary 

create a ciata dictionary and select appropriate data types jor a given set of data and a given situation 
ideiitity different data types 

use static and dynamic parameters in a query end understand their use 

understand when static and dynamic parameters should be used in queries 

understand when simple, complex and nested queries should be used 

understand when summary queries, including cross-tab queries, should be used 

understand different file types aiid their uses 


understand what is meant by proprietary and open-source file formats anc: why open-source file 
formats are needed 


understand why generic file formats are needed 

understand the use of indexed sequential access 

understand the use of direct file access 

understand the use of a hierarchical database management system 
understand the features of a management information system (MIS) 


understand how a MIS can be used by organisations. 


Copyright Material - Review Only - Not for Redistribution 


10 Database and file concepts 


BEFORE YOU STARTA 


e Do you understand the difference between data and information? 


e Do you know what a database table is? 


e Are you able to create a single database table with records and fields? 


introduction 


A database is a structured method for storing cata in 
sets of tables. Each table contains similar data about 
people, places, objects or events. Data can be sorted 
and filtered to respond to queries. Databases are 

used in applications such as inventory tracking and 
payroll management and can be used as source files for 
mail merge. 


database: a structured method of storing data 


table: a collection of related data, organised in | 
rows and columns (for example, about people, i 
places, objects or events) 


p ss 


10.1 Create a database 


wy, 


WORKED EXAMPLE 10.0 


Figure 10.1, from 10.0% Saies processing.mdb, 
contains data about cusiomers (people): 


| DHD eari (oe = | Leek are = TELS STB 


Arain Widma EFW ak bg haa 

JPNT AEH a HI a F.E 

JIkasar bl iiir brans Bal 
| Ee Sines erred: baid cn Pe 

1 FATI betda arin BOS a FE 


| ahilaa LETE TE bon LELETET 


Figure 10.1: Customer table. 


Data that is stored in a single table is called a flat file. 
Within a table are rows known as records. Each record 
is an entity which is a set of data about one single thing 
(person, place, object or event). An entity can also refer 
to a table within a database. In Worked Example 10.01, 
the data about Marc Wenger is a single record/entity. 


Each entity has categories of information. These 
categories are known as attributes or fields. In Worked 
Example 10.01, Customer ID, Contact Forename, 
Contact Surname and Street Address are all field/ 
attribute names. 


One of the fields will be known as the primary key. The 
primary key contains a unique value for each record. 
This means that each value can only exist once in that 
table so it is possible to uniquely identify each record 
using the primary key. In Worked Example 10.01, 
Customer ID is the primary key. 


The software that is used to manage the database 

is called a database management system (DBMS). 
Sometimes, this is referred to as a relational database 
management system (RDBMS) as it is managing a 
database that includes relationships. 


flat file: a database stored in a single table 


record: a common word for entity 


entity: a set of data about one thing (person, 
place, object or event) or a table within a 
database 


attribute: a category of information 
within an entity 


field: a common word for attribute 


primary key: a field that contains the unique 
identifier for a record 


database management system: software used 
to manage a database 


relationship: the way in which two entities in two 
different tables are connected 
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PRACTICAL ACTIVI 


Open 10.01 Sales processing.mdb and then 
open the table Product. 


— 


Identity four field names in the 
Product table. 


2 Identify the primary key in the Product table. 


3 How many records are in the Product table? 
4 Identify two other tables within 
the database. 


Data types and fie!d sizes 


Each field in a table will have a data type assigned to it. 
Data types include: 


e text 
e = alphanumeric 
e numeric (integer/decimal) 


e date/time 


e Boolean. 


WORKED EXAMPLE 10.02 


The Product table in 10.02 Sales processing 2.mdb 
has the following data types: 


Fhald Mame Cata Type 
0 Sroduet io AuteMumber 

Product Mame Shart Tert 
Supplier 0 Number 
Category ID Number 
Quantity Fer kit Short Text 
Unit Pring Cuimency 
Units ln Scar Humber 
Reorder Amount Nurnker 
Waits Gea Order Mumbar 
Reorder Level Number 
Bleconilnwed Yes! No 


Figure 10.2: Product data types. 


RY 
5 


e Product Name and Quantity Per Unit are 
alphanumeric (Short Text is the term used by 
Microsoft Access) which means they can include 
letters, numbers and symbols. 


e Units in Stock is a Number (numeric) which has 
been set as an integer because it only contains 
whole numbers. 


e Unit Price is Currency (numeric) which has been 
set as a decimal (real) because it can contain 
decimal values. 


¢ Discontinued is Yes/No (Boolean) because it can 
only contain Yes or No values. 


The Order tabie has the following data types: 


TORY Taa Typ 
T grer humas SueNumis 
Customer i Mumber 
| Order bate Dect! Tiina 
| Motes Jorg Tex 


Figure 10.3: Order data types. 


e Order Number is numeric but it is also set as an 
AutoNumber which means a numeric value will be 
automatically assigned to it. 


e Customer ID is numeric which has been set as 
an integer. It also matches the data type of the 
Customer ID in the Customer table which you can 
find within the database. 


e Order Date is Date/Time and has been set as a date. 


e Notes is alphanumeric but has been further defined 
as Long Text which means that any amount of text 
can be assigned to it. 


Different database management systems use different 
names for data types. If you are using Microsoft Access, 
you will notice that text is used for alphanumeric data 
and number is used for numeric data. Sometimes the 
software will also use formatted data as a data type, 
such as currency. Currency is numeric (usually decimal) 
and is just formatted by displaying a currency symbol 
with the number. 


Fields within a table will have field sizes applied to them. 
This is because most fieids are a fixed length. This means 
that only a specified amount of data can be stored in 
each field. 


COON O G ü Ol 
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Text and alphanumeric fields wiil have a length to 
specify the maximum number of characters that can be 
stored. For example, the Product Name in the Product 
table is limited to 40 characters. This avoids having lots 
of wasted storage space where field space is not used if 
the length is too long. 


Numbers can also have a field size. This could be defined 
as the number of digits or it could be defined as the 
maximum numeric value. 


Dates will always be the same field size as they wil! 
always store the date is the same way, but thev can be 
formatted to be displayed differently. 


Some text fields can be formatted to be a variable length 
which means they can store as littie or as much data as 
possible. These are sometimes referred to as memo or 
long text data types. These are useful for fields that will 
contain notes or comments. 


It is important to ensure that the field length is not too 
long because this wili waste storage space, but it is also 
important to ensure that the field length is long enough 
to store the iongest required data item. 


, 

las 

| Open 10.01 Sales processing.mdb and explore 
the data types and field sizes used within 


| the tables. 


The three relationships 


Relationships within a database can be used to connect 
entities together. A foreign key is an attribute (field) in 
one entity that connects to a primary key in another 
entity. This allows related data to be looked up 

and found. 


R RASTICAL ACTIVITY 10.02 


foreign key: a field in a table that refers to the 
primary key in another table | 


a) 


CustomerID ~ OrderQete - 


ardor w 
_Opger N 


i 1 2605205 
i E = t 22/05/9015 
| EE 3 5 0605/3015 
i 4 3 O50 O05 
|__| 3 o 06/05/2005 
b 
Ccustomer in a] conted Forename = | onary Surmeene | 
i 1 Raima Walchesky 
E ETE Wangper 
E a Damon felalain 
jE J Lucius Wenchester 
i 5 petra Raicnichint 
+ 6 Katina Ramari 


Figure 10.4: Foreign key. a Order table; b Customer 
table. 


In the Order table, the foreign key is Customer ID 
which connects to the primary key Customer ID 

in the customer table. For Order Number 4, the 
Customer ID 3 is looked up in the Customer table to 
find Damion Matkin. 


One-to-one 


A one-to-one relationship is when each record in one 
table only connects to one record in another table. Each 
foreign key value will link to one primary key value and 
each primary Key value will only be linked to by one 
foreign key value. The foreign key can exist on either 
side of the relationship. 


a 
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EMO 
(Y 


WORKED EXAMPL 


a b 
STE ee a Mee a a =i | Enpleyea i - Bama th = | Bath Date. Hra Da ¥ Adira 
Tirati Harm fit Bewtsaadal at Ta a = ee =T. 3 dee 
iua aroma oe Prokerd. zan or [s 1 Derde OL iy Bd SUF 20th dave. E. 
Seeding thet SHB Pao ee m 15 Feb 32 14 Aug 82 308 We opha Wry 


2 ashok ge e AS Be a rere ah ee ad 


30 Ags OLAS TH oes Bare Bhal 
19-Sap-37 T5- Pay Sd 40 ld Redmond AeL 

H-a- {17-0rt-53 bd Garrett HIII 
-juls 17-0et-9d Granti Haiii 


W in ge w pa ii 


Figure 10.5: One-to-one relationship. a Sales Rep table; b Employee table. 


The Sales Rep table stores details of the sales representatives within a business. This only contains basic 
information about their name but their full employee details are stored in a separate table called Employee. Each 
sales representative only has one employee record and each employee record can only refer to one sales rep record. 


One-to-many 


A one-to-many relationship is when each record in one a primary key in the one side of the relationship. This is 
table can connect to many (zero or more) records in the most common type of relationship within relational 
another table. A foreign key will exist within the table databases. 


on the many side of the relationship and will connect to 


RKED EXAMPLE 10.05 


% 
OX 
The Category table stores data about the different categories of products being sold. Its primary key is Category ID. 


The Product table stores data about the products. The Product table has a foreign key of Category ID. Each product 
can only have one category. Each category can have many products. There is one Category to many Products. 


a b 
Brecht Ib + Bridie -| Ealey i o Tehapar De Sar pas Eeer Dembele 
SE È TA re 7 TTL. Seiad UE, brr pee a 
E 1 Chal i i Do alar ks Pane be pe. ee tg 
(E = chang 1 E aani DAEDHTE, IET mN, enc cee breads 
E; J Snes Sonn i] r Ren ees 
S Grad ares Ternir. mra ri TT 
Li 4 Chef år cons Cajun Seasoning 1 Emam Segue rahi 
ial 5 Chee Arton Gumbo le 2 = i iak: tra nësit miir 
+ GQeancina’s Anysenhers Spread 2 ' aiii ere rey 
: a e Hiodè Hahh ganit inie Pears l 
E D Mortrenocs Crerberre Sauce Fl 
i 8 Mish kote Miku ü 
isl i tkura a 
i H l Cie Canrales d 
ks] 1) Cpe anheg la Hasina a 
Figure 10.6: One-to-many. a Product table; b Category table. 
a_i” 
Many-to-many 
Many-to-many relationships are oniy conceptual. They table can connect to many records in another table but 
are not used in relational databases because they are each record in the other table can also connect to many 
converted into two sets of one-to-many relationships. records in the original table. 


In a many-to-many relationship, each record in one 
Z ZNW E G O 
192 X 
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WORKED EXAMPLE re 


The Order table stores data about the orders that are placed including which products are being sold. It has a field 
called Product JDs which lists the products being sold on each order. Each order can have many products. Each 
product can exist on many orders. There are many Orders to many Products. 


a b 
O:der Number ~ CustomerID ~ Order Date +~ Product IDs ~ Product ID ~ Product Name ~  CategoryID ~ 
4 1 2. 28/05/2015 1,8,4,3 E 1 Chai 1 
F 2 22/05/2015 | 1,7 E 2 Chang 1 
+ 3 5, 06/05/2015 2,5,6 E 3 Aniseed Syrup 2 
E 4 3 05/04/2015 4 E 4 Chef Anton’s Cajun Seasoning 2 
E 5 7 06/05/2015 3,8 E 5 Chef Anton's Gumbo Mix 2 
H 6 Grandma's Boysenberry Spread 2 
E 7 Uncle Bob’s Organic Dried Pears 7 
E 8 Northwoods Cranberry sauce 2 
E 9 Mishi Kobe Niku 6 
+ 10 Ikura 8 
+ 11 Queso Cabrales 4 
ii 12 Queso Manchego La Pastora 4 

Figure 10.7: Many-to-many. a Order table; b Product table. 
The problem with the many-to-many relationship is e the table on the many side will have a foreign key 


that it is not possible to store single data items within 
the foreign key. in the Order and Product example, the 
Product ID field contains more than one Product ID per 
Order and this causes a problem of non-atomic data, e only data items that exist in the primary key on the 
breaking the rules of first normal form which you wil! one side can be used in the foreign key. 

learn about later in this chapter. 


e the data type and field size of the foreign key must 
match the primary key on the one side 


PRACTICAL ACTIVITY 10.04 


Open 10.01 Sales processing.mdb and open 


normal form: the extent to which a database has the relationships. 


been normalised 1 Create a one-to-many relationship between 


Supplier and Product. 


Create a one-to-many relationship between 
Order and the Sales Rep that dealt with the 
order. You will need a new foreign key in the 
Order table. 


PRACTICAL ACTIV} 2 0.03 


Open 10.01 Saies processing.mdb and examine 
the relationsnivs. Identify the relationships that 
currently exisi. For example, the relationship 
between Sales Rep and Employee is One Sales 


Rep to One Employee. | One-to-one 
a ee © D When creating a one-to-one relationship, there are also 
some rules to follow: 
Create a nd use relationships e atleast one of the tables (table A) must have a 
Ly primary key 
One-to-many e the other table (table B) must either have a primary 
When creating a one-to-many relationship, there are key that is also a foreign key and will link to the 
some rules to follow: primary key in table A or a foreign key field with 
e the table on the one side must have a primary key Son aya Mak a ey 


a, ee ©, 
193 X 
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e the data type and field size of the foreign key in 
table B and primary key in table A must match 


e only data items that exist in the primary key in table 
A can be used in the foreign key in table B. 


index: a list of keys or keywords which identify 
a unique record and can be used to search and 
sort records more quickly 


Open 10.01 Sales processing.mdb and open 
the relationships. 


Create a one-to-one relationship between Sales 
Rep and Employee. Employee ID should be used 
as the foreign key in the Sales Rep table and it 
will need a unique index. 


If you don’t have a unique index or a primary key as 
the foreign key, then the database software is likely io 
assume you want to create a one-to-many relationship 
instead of a one-to-one relationship. 


Create and interpret an entity 


relationship diagram 


An entity relationship diagram (ERD) shows the 
relationships (connections) between each entity. 


NO 


entity reiationship diagram: a diagram that 
represents the relationships between entities 


The structure of data that is or will be 
used within a relational database that 
meets both business and data needs. 


Physical 


Used during the analysis stage of 

the system lifecycle, a conceptual 
ERD shows the relationship between 
existing entities within a business and 
the attributes for each entity. 


Conceptual 


This is an extension of the conceptual 
ERD that includes data types. These 
are for analysis purposes only and the 
data types used in the physical ERD 
may be different. 


Table 10.1: Types of entity relationship diagram. 


In an ERD, each entity is represented by a rectangle. 
Each relationship is represented by a line. 


~ 
W@BKED EXAMPLE 10.07 


Sales Rep Employee 


Figure 10.8: One-to-one relationship. 


Figure 10.8 shows a one-to-one relationship between 
a Sales Rep and an Employee. Each sales rep is related 
to one employee and each employee can only be one 
sales rep. 


Figure 10.9: One-to-many relationship. 


Figure 10.9 shows a one-to-many relationship between 
Category and Product. Each category can have many 
products, but each product has only one category. 


Co cc 


Figure 10.10: Many-to-many relationship. 


Figure 10.10 shows a many-to-many relationship 
between Order and Product. Each order can be for 
many products and each product can exist on many 
orders. This is used in a conceptual or logical ERD 
only and should not be used for a physical ERD. 
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Figure 10.11: Relationships. 


Different RDBMSs and analysts use different symbols. 
For example, Microsoft Access uses the infinity symbol 
for the many side of a relationship. 


Product 
T Predun iit 


Product Harme M ps 
Suppacr ib | 
Seas =—_ | eatepenit 
Quantity Fer Ut Catepondane 
lnt Frica Dessi piir 
Unts in Horik 
Render mnrmart 
Loris in Onder 
Reurdai Level 
Disintiioed 


Calegery 


Figure 10.12: Infinity symbol. 


Figure 10.13: Alternative symbols. 


Other RDBMSs may use two symbols at each end of 
the relationship. For example, 0:1 or 0| could be used to 
depict that there can be between zero and one related 
record on that side of the relationship, whereas 1:1 or || 
could be used to depict that there must be exactly one 
related record on that side of the relationship. 


0:M or 0< can be used to depict between zero and many 
related records and 1:M or |<can be used to depict that 
at least one record must be used on the many side of the 
relationship. 


An ERD will usually have more than just two tables. 
The ERD in Figure 10.14 shows the relationships that 
exist within a bank. 


f Branches \ 


@ Branch_ID 


@ Branch_Type_code 
Branch_Details 


ZA 
@ Customer_ID 
@ Aadress_ID 
@ Branch_ID 
Personal_Details 
Contact_Details 


Transactions 


@ Transaction _ID 
@ Account Number 
o<] @ Merchant_ID 
@ Transaction_Type_Code 
Transaction_Date_Time 


ZA 
A @ Account_Number 
SY @ Account_Status_Code 
@ Account_Type_Code 
@ Customer_iD 
Current_Balance 
Other_Details 


Ref_Account_Types 


@ Account_Type_Code 
Account_Type_Description 
e.g. Checking, Savings etc. 


Transaction_Amount 
Other_Details 


Figure 10.14: Bank relationships. 


Each branch of the bank can have many customers. 
Each customer can have many accounts. Each account 
can have many transactions taking place. Each account 
can be of only one type but each type of account can 
exist as Many accounts. 


O G O O Ool 
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WORKED EXAMPLENQ8 


Ae 
The Product table in 10.02 Sales processing 2.mdb has the following relationships that have been implemented: 


iF Fairing mM xX 
Cab Ikin bar m ents 
[anne EN CETORI] =. T im & ue [Vian TL | 
7 aah te To TH+ $ 3 : Pragh n Hee = 
tihi “ewes Dai H E WH Fhe a tba | Dama gHe = 
| mima WHIA Arani F La Hee 
| I) augiem hia ns mri; MEET. LHT 
)! Ai Taig D = Eau; Fe hd Aiii 
| 1 La tite aa 
ET i Wenn Ta 
udr i irr 
DE 1 ———— ht Boe oe! Se salou 
2 i irig ad tebe; 
BEEN | i Breton ited ret 
irat 2 Phen die ed 
korodira l Iah: Ha ma 
|| tes L TE etic) 
|| nH 
"hr: Ham 
igh TA; | 
Tt 
hyr t -- 
| | Comes 
ay BOLMIgAYL 
Colpo om 
fees ror 


Figure 10.15: ERD Implemented. 


PRACTICAL ACTIVITY 10.07 


1 Draw ERDs to represent the following 
relationships: 


a One Airline Seat to one Customer. 


When a many-to-many relationship exists, it is necessary 
to break it down into two one-to-many relationships. 
The general rule for this is to put a LINK table between 
the two entities as shown in Figure 10.16. 


| ENTITY A ENTITY B 

, | Primary Key A > < Primary Key B 

b One House to many Occupants. Attribute AL Attribute B1 

c Many Coaches to many Drivers. 

= A ENTITY A LINK-A-B ENTITY B 
2 Drew an ERD to represent a library model. Prmarykeya he]  prmaykeyas [>H Primary keye 
sh i Attribute A1 Foreign Key A Attribute B1 
Within the library, there are several books. Attribute A2 Foreign Key B Attribute B2 


There may be many copies of the same book | 
which are known as book copies. Customers 
can loan a book copy. A customer can have 
many loans but a loan will be for just one 
customer. Each loan will be for one book 

copy but over a period of time each book 
copy can be loaned out many times. 


Figure 10.16: Many-to-many. 


A new primary key (Primary Key A-B) is created in the 
LINK table. The primary keys for each of the original 
entities are then used as foreign keys in the LINK table. 
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Figure 10.17: Kitchen. 


10 Database and file concepts 


Height 


In this example, each kitchen unit can include many 


kitchen parts. As each kitchen part can be used tor 


KITCHEN PART | KITCHEN UNIT 
Part ID Unit ID Aen A 
Description Description Description Height 


many kitchen units, a LINK table is required Part ID Description Cost 
HNG i 0.30 
KITCHEN KITCHEN KITCHEN HND 
PART ASSEMBLY UNIT 
Part ID < Assembly ID Unit ID 4.50 
Description Part ty Description 
Sat) O — KITCHEN ASSEMBLY 


aw? 


ASN Unit ID PartID Quantity 


Figure 10.18: Kitchen resolved. 


The LINK. table kitchen assembly is for each PR 


combination of unit and part. It has its own primary 
key, but the primary keys from kitchen unit and 
kitchen part are also used as foreign keys. The quantity 
of each part needed for each unit is also stored. This 

| is what some of the data might look like: 


The difference between a flat 


file and a relational database 


A flat file is a database that consists of a single table 
with no relationships. It is like looking at all the data 
in a single worksheet in a spreadsheet. It is called ‘flat’ 
because it only has two dimensions — fields and records. 


PRACTICAL ACTIVITY 10.08 


Resolve the following many-to-many 
relationships and suggest attribute names for all 
three tables: 


e many Orders to many Products 
e = many Hire Cars to many Drivers 
e — many Authors to many Books 

e many Students to many Classes 


| e — many Employees to many Skills 


| e many Doctors to many Patients. 


EES ah 
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WORKED EXAMPLES OKO 


This is an example of a simple flat file to store data about cars: 


Reg Year 
2013 
BR54URS 2011 
2 | BASSWEP 2012 
ją [ecssers Ro 
BDOSABC 2012 


12011 


16 | BEO4RTJ 


v an 
Transmission 


WORKED EXAMPLE 1 aO 


LESSON 


Time Slot 
Start 


28/08/2013 08:00 BDOSABC 


31/08/2013 | 11:00 BDOS5ABC 
31/05/2014 | 16:00 BC53PRS 
01/06/2014 | 16:00 BRSAURS 


29/08/2013 


| BC53PRS 


In the flat file example about driving lessons, the data 
about cars was very similar to a table you would find 

in a relational database. However, with larger flat files 
there is a problem when all the data is in one table, 
because there will be redundant data (that is, data that is 
unnecessarily repeated). 


Redundant data uses up additional memory. It can also 
cause problems with inconsistency and maintaining 

the flat file. If, for example, Aimee Fenson changes her 
telephone number, then it will need to be changed for 
every lesson that Aimee has taken. If some are missed, 
then there will be inconsistent data, meaning that a 
search will not produce accurate results because Aimee 
has more than one phone number listed. When a new 


Registration Reg 


The flat file below stores data about driving lessons, the cars used and the learners taking the lessons. 


,itansmission Forename Surname Telephone 


0555 555 556 
0555 555 557 


0555 555 555 


The data about the car is repeated and the data about the learner driver taking lessons is also repeated. This example 
only contains a small amount of redundant data, but imagine if data about the distance each car had travelled, or 
the full address of the learner and their date of birth was stored. 


lesson is entered, all the details of the car and the learner 
have to be entered rather than just their primary keys. 
This can lead to further inconsistent data and errors. 


Flat files do have their uses though. They are often 
simple to set up as sometimes data can be entered into 
the file without needing to set up data types, field sizes 
or relationships. They can be shared easily through 
email and across the internet because the data is not 
dependent upon specific file types or software. It is also 
easy to add additional information to a flat file because 
it’s a simple case of adding new columns. As all the 
data is in one single table, it is also very quick for the 
computer to process the data. 


C TOON E 
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Relational databases are more useful when data needs 
to be managed properly. ‘They resolve the problems of 
inaccurate data, inconsistencies and redundant data by 
using related tables. 


Relational databases are used to reduce redundancy. 
Where data is likely to be repeated if stored in a single 
flat file then it is preferable to store this data in a set 

of related tables. For example, a relational database 
about a library would include separate tables for books, 
borrowers and loans. Flat files are used when processing 
speed is essential. Data is likely to have been stored in a 
relational database originally but exported to a flat file 
for processing. Flat files would be used in transactional 
processing systems such as when processing monthly 
salary payments by updating the master payment file 
from employee transactions such as hours worked and 
expenses claimed. 


Links are created between the tables which means data 
can be looked up from one table to another. This takes 
time and expertise to plan in order to ensure that it is 

all set up correctly. It also means that processing time 
can be a bit slower, especially when there are large 

data sets. It is possible to share a relational database 
across a network or even the internet and apply security 
permissions to each table so that different types of users 
can access different tables. This is not possible with a flat 
file as it is all in one table. Queries can be created that 
enable data to be searched and sorted efficiently using a 
relational database and they can also join data together 
from related tables. It’s also possible to produce detailed 
and customised reports of the data stored within a 
relational database. Reiational databases are also flexible 
because additionai fields and tables can be added 
without disturbing the rest of the data. 


The flat file in Worked Example 10.11 could be stored in a relational database as a set of three tables: 


LESSON 


27/08/2013 
| | 2 28/08/2013 


31/08/2013 


ID Registration 


Registration Learner ID 


BR54URS 
BDOSABC 
BDOSABC 


Transmission 


ame Surname Address1 Address 2 


Mastock | 15 Cloud | Kingston- 
Road Upon-Hull 
Aimee Fenson 23 Yandle | Shrewsbury 
Lane 
Roger Drake 19 Spion 
Kop 


Liverpool! 


Licence Number 


F 0555 555555 | 0777 777 | MAST9999999SA9XX 
777 
a] 0555 555 556 | 0777 777 | FENS9999999AI9Xx 
778 


Telephone Mobile 


Table 10.2 further examines the types of searches and queries that can be applied to flat files and those that can be 


applied to relational databases. 


a 


ea 
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Flat file datab 


about the car with registration BC53PRS, the database 
would need to search for every occurrence in the whole 
LESSON flat file. 


For example, to find all lessons taken by Aimee Fenson, 
a filter could be applied to the Forename arid Surname 
columns. 


transmission would mean searching the whole file and 


counting only those that are manual transmission. 


A search or query has to load the entire database in order 
to find the data needed. For example, to find information 


| A search or query will find all the data required in one file. 


Running a query to find the number of vehicles with manual 


then identifying unique occurrences of each car and then 


{ðnal database 


A search or query only has to load the tables required. For 
example to find the same information, only the CAR table 
would need to be loaded. 


A search or query would have to assimilate data from 
more than one table. For example, to find all the lessons 

taken by Aimee Fenson, her Learner ID would need to be 
looked up in the LEARNER table and then the Learner ID 
would need to be found in the LESSON table. 


To run the same query would simply require filtering the 
CAR table to show only manual transmission and then a 
summary count of the number of records. 


Table 10.2: Types of searches and queries that can be applied to flat file databases and relational databases. 


Import data 


Data can be imported from text files so that data that 
has been created in another system or for another 
purpose can be used within the database. The texi 

files must be structured in such a way that ficids can 

be recognised and records can be separated. Comma 
separated values (CSV) is a common format used for 
this purpose. Fields are separated by commas, records 
are separated by line breaks and speech marks are used 
to identify text. The use of a separation character means 
that the field lengths are delimited, which means each 
field can be any length. 


SAMPLE 10.13 
la 


This is a CSV file for books. The first row contains the 
field names. 

“ID” ” Book title”,’Genre”,” Reading 

age”, ISBN”, Author” 

1,”A Soldier’s Tale”, Thriller”, 12,”0-321-93561-1”,”B 
Rushmore” 

2,” Hidden Gold”,” Mystery”, 10,”0-342-92763-X”,’’J 
T King” 

3,” Fearless”, Action” ,14,”0-250-34751-9”,”K 
Lawrence” 


CSV is only one common format. Text files (TXT) 

can also be used. Text files can be formatted in exactly 
the same way as a CSV file or they can use different 
characters to separate fields. They can also be structured 
to have fixed length fields, which means spaces are used 
to fill the gaps. 


This is a fixed length field text file for students. 


1 Smith Larry oF 
2 Nyakatawa Paul 9B 
3 Kalsi Waheed 10R 
4 Woolfenden Howard 11M 


on 


| Patel Poonam 9N 
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PRACTICAL ACTIVI 


Create a new database and import the 
following files: 


e 10.02 Book.xlsx (file includes row headings) 


e 10.04 Student.xlsx. 


Create a relational database 


The first step in creating a database is to create the file 
that will be used. Other steps can then include creating: 


e tables e forms 


e relationships œ reports. 


ON 


PRACTICAL ACTIVITA 


Create a new datapase called 10.15 My library 
that will be used to store information about 
books in a school library. 


1 Create a new database file. 

2 Import the files: 
a 10.03 Book.xlsx | 

10.05 Student.txt 

c 10.06 Copy.xlsx 

d 10.07 Loan.xlsx. 


3 Check the data types for each field in each 
table and change if necessary. 

4 Check the field lengths for each field in each 
table and change if necessary (do not leave 
them as 256 characters in length). 


Save this file for use later in this chapter. 


10.2 Keys 
Primary key 


A primary key is a unique identifier for each record in a 
table. Therefore, the field used for the primary key must 
contain unique values and not have any repeating values. 


Examples of primary keys could include: 
e registration plate for a car 

e student number for a student 

e product code for a product. 


It is important that data within primary keys never 
changes as it can be used within a relationship. 
Therefore, some fields that may appear on the surface 
to be suitable as a primary key may not be suitable in 
the long run. For example, a registration plate for a car 
can be changed in some countries. For this reason, it is 
always best to use separate ID fields as primary keys. 


WORKED EXAM PLE 0:1 5 


Table name, Y Primary key 
cea 
Sudar 


These ID fields should be used purely for the structure 
of the database. It is still possible to set another field 
to be unique, but the primary key should be used for 
relationships. If possible, the primary key should be 
set to increment automatically (e.g. AutoNumber). 


Compound key 


Sometimes, none of the fields have a unique identifier. 
In this case a compound key is used. A compound 

key is two or more fields combined to form a unique 
identity. These can be complex to use, especially within 
relationships. Examples of the concept of compound 
keys are shown in this section. 


KEY WORD 


compound key: two or more fields that form 


the primary key. Each field that comprises 
the compound key are themselves keys from 
another table. 


O a o o o 
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WORKED EXAMPLES) 


Table 10.3 shows the products and quantities ordered 
for each order. if each order only includes each 
Product on one Order Line, then the combination of 
Order Number and Product ID is unique. 


Ordef Number Product ID 


= 


on 


Table 10.3: Order Line. 


yt KED EXAMPLE 10.17 On 


Table 10.4 shows appointments for a doctor. If Doctor 
ID and Patient ID were selected as the compound 

key, then this would mean each patient could only see 
each doctor once and so this combination would not 
be suitable. If Doctor ID, Patient 1D and Date were 
selected as the compound key then this would mean 
each patient could only see each doctor once each 

day. It may be acceptable to the doctor to see a patient 
only once per day, but if the doctor needs to see the 
same patient more than once on the same day, then a 
combination of all four fields including Time would be 
needed as the compound key. 


Patient ID Date 


5/11/20 


Table 10.4: Appointments for a doctor. 


Create a table of appointments as shown in 
Table 10.4. 


2 Try to set the compound key to be a 
combination of Doctor ID and Patient ID. 
What went wrong and why did it happen? 


3 a  Setthe compound key to be a combination 


of Doctor ID, Patient ID and Date. 


b Create a new appointment for Doctor ID 
1 with Patient ID 2 on 12/2/20 at 14:00. 
Was the new appointment accepted? 


c Create a new appointment for Doctor ID 1 
with Patient ID 2 on 2/9/20 at 14:00. What 
went wrong and why did it happen? 


Foreign key 


A foreign key is a field in a table that refers to the 
primary key in another table. It is used to create the 
relationship between the two tables. The foreign key 
must always have the same data type and field size as 
the primary key to which it is linking. The foreign key 
must always be on the many side of the relationship. The 
foreign key will always link to a single primary key field. 


WORKED EXAMPLE 0.18 


Customer ID in the Order table is a foreign key which 
links to the Customer ID in the Customer table. 


Order 
Order Numer Customer ID | Order Date 
1 2 28/05/2015 
[2 1 22/05/2015 
3 5 06/05/2015 
l4 3 05/04/2015 
5 7 06/05/2015 
Customer 

L CustomerID | Contact Contact Surname 

Forename 

1 Reina Wolchesky 
2 Marc Wanger 
3 Damion Matkin 
4 Lucius Winchester 
5 Petra Mcnichol 
6 Katina Ramano 
7 Leslie | Cackowski 
8 Cristopher q Niget 


Figure 10.19: Foreign key. 
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PRACTICAL ACTIVI 


Open 10.15 My library.mdb that you 
created earlier. 


1 Assign primary keys to existing fields in 
each table. 


Each book has several copies. Each copy of | 
the book can be loaned out several times. 
| Each loan is for only one student and only 
one copy of a book. Each student can take 
out several loans. 


2 Create relationships between the tables. 
Open 10.08 Driving school.mcb. 
1 Set the primary key for the Instructor table. 


2 Create a new primary key for the Car table 
(do not use Registration). 


3 Create a new primary key for the 
Learner table. 


4 Create a compound primary key for the 
Lesson table. You will need at least three 
fields for this. 


| Each car can be used in several lessons. Each 
student can have several lessons. Each instructor 
can give several lessons. Each lesson wi!! be for 
one student with one instructor in one car. 


5 Create relationships between the tables. 


Referential integrity 


Referential integrity exists when data in the foreign key 
of the table on the many side of a relationship exists 
in the primary key of the table on the one side of a 
relationship. 


referential integrity: data in the foreign key of 
the table on the many side of a relationshio must 
exist in the primary key of the table on the one 
side of a relationship 


2EXAMPLE 10.19 


In Figure 10.20, Customer ID 5 does not exist in the 
Custoiner table. This means that the Order table does 
not contain referential integrity because the related 
customer does not exist. 


Order 
Order Number | Customer ID Order Date 
1 2 28/05/2015 
2 1 22/05/2015 
3 5 06/05/2015 
Customer 
>| Customer ID Contact Contact Surname 
| Forename 
1 -| Reina Wolchesky 
2 Marc Wanger 


Figure 10.20: No referential integrity. 


Without referential integrity a relationship cannot be 
properly set within a database. It is a type of lookup 
validation where the database will check to see if the 
related record exists before allowing it to be entered. If 
the related record does not exist, then the database will 
prevent the foreign key data from being entered. 


This is important for maintaining the accuracy of the 
data within the database. 1f details of which classes you 
attend were entered into a database, but those classes 
did not exist, then the database would not be able to give 
you any information about the classes. 


v 
PRAGACAL ACTIVITY 10.13 


Open 10.09 Sales processing 3.mdb 


1 Open the order table and add Sales Rep IDs 
4,5, 8, 11 and 15 to the records. 


a Which ones worked? 
b Which ones did not work? 
c Why didn't they work? 


Nn E) 
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2 Try to create a relationship between Product 
and Category and enforce referential integrity. 


a What happens? 
b Why has this happened? 


< Correct any data that is causing 
this problem and try to create the 
relationship again. 


Validate and verify data 


Validation rules 


The principle of validation was introduced in Chapter 
1. Database management systems can apply validation 
rules to data that is input. If data passes the validation 
rules, then they wiil be accepted. If data fail the 
validation rules, then they will be rejected and an error 
message may be shown. 


RKED EXAMPLE 10.20 


in this database, the user is attempting to enter the 
title that a Sales Rep will be addressed by. They have 
four valid options — “Mr”, “Mrs”, “Miss” or “Dr”. 
The user has accidentally entered “Msr” which is not 
a valid option. An error message has appeared telling 
the user what to do to fix the problem. 


Micon ones, a 
A Tir e ar Mi bbs bai ie N 
-=a 
BS an Les 


Figure 10.21: Error message. 


This is the rule that had been set up: 


Validation rule In(‘Mr', 'Mrs', 'Miss', 'Dr') 


Validation text Title must be Mr, Mrs, Miss or Dr 


Figure 10.22: Validation rule. 


The rule ensures that the only data that can be entered 
must exist in the list that contains “Mr”, “Mrs”, 
“Miss” and “Dr”. It is a lookup in list method of 
validation. 


ACTIVITY 10.14 


Open 10.10 Sales processing validation.mdb 
ana open the table Employee. 


1 Create a validation rule that will only allow 
the entry of “UK” or “USA” for the Country. 


2 Create an appropriate error message. 


There are a variety of validation rules that can be used 
within a database including: 


e lookup in list (by looking up in a list entered 
within the rule) 


e lookup in list (by using referential integrity) 
e = lookup in list (by using a lookup table) 

e range 

e data type 

e format 

e length 

e presence. 


Table 10.5 gives some examples of validation rules. 


Lookup 
in list 
Lookup 
in list 


“M” or “p” 


IN (“Mr", “Mrs”, 
“Miss”, "Dr”) 

>DATE() (must be after 
today’s date) 


> 28/02/1995 


Reorder Between 1 and 2000 
Amount 


Reorder Level 

Data State Like “[A-Z][A-Z]" (must 

Type be two text characters) 

Format | Email Address | Like “*@*.*" (* means 
any character) 


Range 


Like “??” (must be two 
characters) 


IS NOT NULL 


Table 10.5: Examples of validation rules. 


Length 


Presence | Forename 


ea 
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PRACTICAL ACTIVI 


Open 10.10 Sales processing validation.mdb and open the table Customer. 
1 Create a validation rule to ensure the surname is present. 
2 Create a validation rule to ensure that an email address includes the @ symbol and a full stop. 


3 Create a validation rule to ensure the telephone number is 12 characters long. 


Oven the table Product. 
| 4 Create a validation rule to ensure the Units in Stock is a positive number. 

5 Create a validation rule to ensure the Reorder Amount is less than 1000. 

6 Create a validation rule to ensure the Reorder Level is at least 0 and no more than 100. 
Open the table Employee. 

7 Create a validation rule to ensure the Hire Date is at least today. 


8 Create a validation rule to ensure the region is two characters long and only contains letters. 


9 Create a validation rule to ensure the extension is either three or four characters long and only 
contains numbers. 


10 Create a validation rule to ensure the Hire Date is after the Birth Date. 


Validation applied to a database 


You should follow the same process that you learned in Chapter 8 by using valid, invalid and extreme. 


PRACTICAL ACTIVITY 10.16 , 
Open 10.10 Sales processing validation.mdb and open the table Customer. 
1 The State field has a validation rule applied to it. 

a Try changing the state for Reina Wolchesky to NN. What happens? Why does this happen? 


b Try changing the state for Reina Wolchesky to NM instead of MN. Why was this error allowed 
to happen? 


c identify five items of test data that could be used to test this validation rule. 


2 The ZIP Code field has validation applied to it. 


a Try different combinations of data to see if you can work out what the validation rule is. 


| b Identify eight items of test data that could be used to test this validation rule. You should use valid, 


| invalid and extreme. 


i © | 
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Verify data entry 
In Chapter 1 you learned that data that has been validated is not necessarily correct. It is therefore necessary to 
verify data. When inputting data into a database, you should verify thai the data input has been entered correctly by 
comparing what bas been entered with the original source. 


L ACTIVITY 10.17 


Contact Forename | Contact Surname 
Matkin 


ZIP Code _| Telephone j 
80216 303-295-4797 


Contact Surname 
Nardo 


Contact Forename 
Joel A 


ZIP Code | Telephone 


Searches 


So far you have looked at whole tables. It is also possible 
to view only records which meet certain conditions 
known as criteria. This can be achieved by creating a 
query which asks questions about the data in order to 
retrieve the required records. 


a 


query: a question used to retrieve data from 
a database 
ol 


Open 10.10 Sales processing validation.mdk and open the table Customer. 


1 Visually check that the data for Damion Matkin matches the original data below: 


State 


Street Address 


5830 Downing St Denver 


CO 
menanam [Yess aa 


2 Add the following data to the customer table and then visually check the data matches the source: 


Street Addrass 


SE gO alee 


State 
Palm Beach 


Simple queries 
A simple query has only one criterion (singular for criteria). 
A criterion is the rule that will be applied to the data. 


Table 10.6 shows examples of when you would use a 
simple query for a particular outcome. 


When creating a simple query, it is also possible to 
specify which fields will be listed. 


C—O O G 
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+ (7 
Lists all customers who live in CA (California) 


Lists all customers who have agreed to receive marketing 


Lists all students who achieved 100 marks 


Lists all students who achieved less than 50 marks 


Price Lists all products with a price more than 3.99 (i.e. 4.00 or above) 


| Distance covered >=50000 Lists all cars with a distance travelled of at least 50 000 kilometres 
by car 


Lists all products with a width up to and including 50 mm 
Date of Joining < 01/01/2010 | Lists all employees who joined the company before 1 January 2010 


Appointment Time | >= 12:00pm f Lists all appointments in the afternoon 


Product Code Like “??B??” 


Allergy i NOT “Nut” 


Lists all customers with a surname starting with A 


Lists all product codes where the third character is B 


Lists all students who do not have a nut allergy 


Table 10.6: Query criterion and outcomes. 


Wildcards can be used to replace one or more characters replaces one single character. For example, Like "?'*" 
in a search to mean any value. Table 10.6 shows two would find anybody with an apostrophe as the second 
examples of how wildcards can be used. The * symbol letter of their surname or Like "*-*" would find 
replaces any number of characters. The ? symbol anybody who has a hyphen in their surname. 


WORKED EXAMPLE 10.21 


o\ 


In 10.02 Sales processing 2.mdb a simple query has The criterion of Job Title = “Sales Representative” 

been created to show all Sales Reps who have a Job Title means that only sales reps with that job title will be 

of Sales Representative: listed. The only fields that will be listed are Last Name 
and First Name. Job Title will not be listed because the 


- as option to show it has been deselected. This is what the 
~~ | result of the simple query looks like: 


Seek 
i DOSES = O S 
ex 
V Gabe p © S ry Sales Representatives = 3 
Lol ian - — 
Tien Hera Last Marne - 
ae Davolia Nancy 
I 
Erpa E Levering Jean 
r: Peacock Marget 
lea EE ee Suryamia Eduardo 
M P Ein Aobert 
rhac = Mame Firsthanc = cb Tile = ing Robert 
ree jaalas Heo Salis Ris Sales RaT Dodoweorth ARNA 
Shaan | 7 Fi 1 I | 
sf eres “Swear Sarracenia | 


ie P | Record: @ d iT oatT a 
| 
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It is also possible to include data from a related table. 


In 10.02 Saies processing 2.mdb a query has been 
created to show all Products over $75 including their 


categories: 


Y Product [2 


Prov have = ayinyss 
Saas ya 
eb pore E coer plas 
foris Fe: liat 
Ur Feu 
Urii bt Siek 
Eerde arriti 
Lewin Lay Urik 
Pmr url | 
Pirani rii I 
| | 
"| 
NT ĖōĖōĖōĖōĖ—Á— 
Tak akan a Sandal ona, ey ae Avi As = | 
Toth: | Pieri’) E E aiipiy | ara | 
iat 
Snes > xj e mj ] fat 
rari: r7 
| 


Figure 10.25: Product Category. 


The CategoryName has been included from the 
Category Table which is related to the Product Table 
through the Category ID. 


ACTIVITY 10.18 


Open 10.02 Sales processing 2.mdb, identify 
whicn query is most suitable and then create 
queries for the following: 


1 All UK employees. 
2 All employees from Seattle. 


3 All employees who were born on or 
after 1/1/1960. 


4 All products that include the word “bottles” 
in the quantity per unit. 


5 All products with no units in stock. 


6 The product name and supplier company 
name of all products that have been 
discontinued. 


7 The names and categories of all products 
with at least 100 units in stock. 


8 The names and price of products that are in 
the category “Condiments”. 


9 Allist of all orders that were not placed 
on 6/5/15. 


10 A list of all Sales Reps who do not have a job 
title of “Sales Representative”. 


11 A list of all products where the Units in Stock 
is less than or equal to the Reorder Level. 


Complex queries 


Complex queries are queries that have more than one 
criterion. They use either the AND or OR Boolean 
operators. If all specified criteria need to be satisfied, 
then the AND operator is used. If any one of the 
specified criteria needs to be satisfied, then the OR 
operator is used. 


Complex queries are not restricted to just two criteria. 
They can have as many criteria as necessary for 
the query. 


C—O) S O űl 
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WORKED EXAMPLE 


The table below lists characteristics about some people. 


Surname 4 Eòrename Height Shoe Size Eyox Nationality Occupation Sex 


Greer Žž | Wendy 7 ; Blue Firefighter 
Percy 1.75 8 | Blue 
Poaice s eo 
Gardiner [Felicia [1.85 ze 
| [renova | Sofia 1.65 8 
Joo [Haeun | 1.35 |? 
[Goswami [Lamar [175 [9 [Brown [indian 
[Kaya [Yusuf [1.95 Turkish 
[Danshov [Alelsonder [1.5 fe [Hazel [Russian 
Smriti 14.6 Hazel Indian 
TO e N 


The complex query Eyes = Blue AND Shoe Size = 8 would return the following: 


Forename Height : Nationality Occupation Sex 


Percy 175 
Peres 185 


As both parts of the query have to be satisfied, only people with both blue eyes and a shoe size of 8 will be listed. 


Surname Forename igt Shoe Size Eyes Y Occupation Sex 


[Danshov | Aleksander |18 f6 [hazel 
Malapa [Smr [16 


As any one part of the query can be satisfied, all people with either hazel or green eyes are listed. 


The complex query Eyes = Brown OR Nationality = Russia would return the following: 


Forename Height : Nationality Occupation Sex 


TE 
| 


Aleksander Danshov does not have brown eyes, but he is Russian and so is included in the list. Similarly, Haeun Joo 
and Lamar Goswami are not Russian but because they have brown eyes they are inciuded in the list. 


The complex query Eyes = Hazel OR Eyes = Green would return the following: 


NC OC“ 
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WORKED EXAMPLEN@Y4 


The following nested query uses a combination of AND and OR auc includes more than two criteria: 
Sex = F AND (Eyes = Blue OR Eyes = Brown) AND Height > 1.5 


These are the results of the nested query: 


Su ndme Forename Height Shoe Sigg Eyes Nationality Occupation Sex 
E: 
Russian 


PRACTICAL ACTIVI C40: 


Open 10.02 Sales processing 2.mdb, identify which query is most suitable and then create queries for the 
following: 


All customers from Texas (TX) or Illinois (IL). 


All customers who would like to receive marketing and live in Ohio (OH). 


3 All products priced at least $50 with no units in stock, showing the Product Name and Supplier's 
Company Name. 


4 All products over $30 supplied by companies in Germany. 
5 All products under $30 supplied by companies in Denmark or Sweden. 


6 A list of all products where the Units in Stock is less than or equal to the Reorder Level and the Units on 
Order is zero. 


Nested queries 


So far, each query that you have seen has been based upon existing tables within a database. It is also possible to create 
a query on an existing query. This means that the results of the original query will be narrowed down further by the 
new query. This is called a nested query. 


a U) 
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WORKED EXAMPLE 


In 10.02 Sales processing 2.mdb a query has been created to show all customers who live in California (CA). A 
nested query is then created on top of the California Query to find customers in the California Query who placed an 


order on 6/5/15: 


| 


1 
| Crp Cucherren it (aie | rie 
j | 
Cotar IO i Y dm tmir 
Contar Forename. | ‘al Cuis © 
onia diriam Dair ute 
Webel biis wr 
Fp dH: ueg 
County 
Bii 
| Biisi 
Faji | aiai Pete Contact bone hmt isdn Chir Ceurty TP OG ew: hartar Tieden Cente 
Farir. (Or Drites in Cai Ory Corte i lade Orp Cbom n CaA Gey Calimani i Cade Orp Cutame in Cat: Cry Camaret: LA Ca Cedar cede 
fart: | 
fa: | Ei + a Ej ž s + E 
Dimi | Dee res | 


Figure 10.26: Nested query. 


The new query is based upon the California query and the Order table. 


A nested query is effectively a query that has multiple 
criteria and is equivalent to using AND. However, they 
can be used to make very complex queries easier to 
follow and set up by breaking down the individual steps 
required to create the query. There are also occasions 
when a nested query is necessary to achieve the desired 
results, such as creating a cross-tab query based on two 
or more tables. 


PRACTICAL 


Open 10.02 Sales processing 2.mdb, identify 
which query is most suitable and then create a 
query based on the existing query “Ory Products 
over $75” that will show those products in the | 


Meat/Poultry category. 


SCN 


Queries to find duplicate 
records 


There may be occasions when duplicate records are 
accidentally created within a table. It is possible to run a 
query to find those duplicate records. One method is to 
use Structured Query Language (SQL) or some software 
packages include a wizard to create a query to find the 
duplicate records. 


a 
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Od 


Open 10.11 Duplicate Records.mdb and open the 
table called People. 


WORKED EXAMPL 


This table contains duplicate entries for Marlene 


Atack and Wendy Greer: 
[Surname = | Forename ~ Sex = 
| Greer Wendy F 

Bamard Aian MI 
Pearce Katherine F 
tack Marlene F 
Briars Sandra F 
Greer Wendy F 
Brièrs Simon w 
Pearce Catherine F 
Steck Marere F 


#* 


Figure 10.27: Duplicate records. 


A find duplicate queries wizard can be used to create a 
query to find the duplicate records: 


| 7 Priodi eee 
an iehi o a 

S kirde ce F È 
Caer wari r i 


Figure 10.28: Finding duplicate records. 


The query above has been called “Find duplicates for 
People”. 


Once the duplicate records are known, they can be 
found in the originai table and deleted. It is also possible 
to use Structured Query Language (SQL) to create a 
query to find and remove duplicates automatically. 


Summary queries 

A cross-tab query is a type of summary query used to 
summarise data. It can be used to show the total number 
of records, the sum of values within a field, averages or 
other statistical data. 


WORKED EXAMPLE 10.27 


10.12 People.mdb contains a cross-tab query that 
shows the total number of people of each nationality. 
It also breaks this down into how many males and 
females there are in each nationality. 


= Qy Paccle urmare Hahonabh, ard Gender 
Metinalily - Jit irene e I -= ha = 
Amürka al 7 2 
Help it: 1 t 
Engang aH 4 18 
France a 4 2 
Greate a 4 4 
[I tralaerd ati a 4 
Isr ==] H 1 
ikal yi H 
Flesia 1r 3 a 
Scotland IÑ 10 G 
Somer L 
alles, cH 1 A 
evo to kK | fandi 


Figure 10.29: Cross-tab query. 


In order to set this up, it is necessary to identify which 
fields will be used as row headings, which fields will be 
used as column headings and which field the summary 
of data will be used: 


| Nationality |Sex1 Sex2 Sex3 


Nationality 1 Count (Surname) 
Nationality 2 
Nationality 3 
Nationality 4 


Figure 10.30: Cross-tab wizard. 
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This can also be seen in the configuration settings 
where the data is grouped by nationality and sex as 
row and column headings and the surname is counted: 


= They Fegi Sa rere ey Pri a fie 
=== 0 
FEIA 
Hdt 
ki T iaie sai 
| Cru 
Halen iby 
ger be 
in 7 
ij | 
wrt 
Foe: [Ht Ey in ATH Tela 2 uate: ou 
THER: | Prag Not Lis FRR Aaa ple 
WE: eu dy ru T cori Cana: 
ren Petit l: EE ay | Column: mci EDEL] Eza lheit 


Figure 19.31: Cross-tab configuration. 


You will notice that a new calculated field of “Total 
of Surname” has been added that counts the total 


number of people. This is not essential unless the 
| overall totals are required. 


To create a cross-tab query based on data from more 
than one table, you should use a nested query by first 
creating a query that joins the tables together and then 
creating the cross-tab query based on the original query. 


A 


Open 10.12 People.mdb and create cross-tab 
queries to show: 


1 The number of people of each gender with 
eyes of each colour. 


2 The number of people of each occupation 
(no need to have a column grouping). 


3 The number of people of each gender with 
each shoe size. 


Open 10.02 Sales processing 2.mdb and create 
cross-tab queries to show: 


1 The number of suppliers in each country. 
2 The number of customers in each state. 


3 The number of products in each category 
(the category names must be showing 
so you will need to join the Product and 
Category tables first). 


4 The total price of each product in 
each category. 


Using simple, complex, nested and 
summary queries 


Simple queries should be used when only one criterion is 
required, such as Gender = Male. 


Complex queries should be used when more than one 
criteria are required, such as Gender = Male AND Country 
= Israel, or Gender = Male OR Country = Israel. 


A nested query can be used in the following situations: 


e When an OR needs to be combined with an AND 
as this will avoid the problem of having to repeat 
the AND part of the query for each OR. It will also 
avoid the problem of not getting the criteria in the 
correct order. 


e When there are lots of criteria and nesting the 
queries will make the criteria easier to understand. 


e When a query can be reused and so creating a 
nested query saves the developer having to recreate 
some of the criteria. 
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A summary query can be used in the following 
situations: 


e when multiple tables are required within a 
cross-tab query 


e when a cross-tab query is summarising data from 
another cross-tab query. 


Static parameters 


So far all the queries you have used include static 
parameters. The parameters are the values used within 
the criteria. Each time the query is run, the values of the 
parameters will not change. 


parameter: data used within the criteria 
for a query 


BD EXAMPLE 10.28 


The query for all customers from Texas (TX) or 
Uhnois (IL) had static parameters of TX and IL 
These values do not change. 


Dynamic parameters 


Dynamic parameters allow the values within the criteria 
to be chosen at the time of running the query. This 

can be useful when the user needs to decide what those 
parameters might be. 


In 10.02 Sales processing 2.mdb, a query has been 
created to show all customers in the state that will be 
chosen by the user: 


z tee Gore ren 1 H 
Bries 


T cainii 
Cart Roar or 
Ea Uv tenon 
Sea LELI 


RET i HIH 
Trim Dri: 


Figure 10.32: Dynamic query. 


The criterion of [Please enter state] will be a prompt to 
the user to enter the state. This is what the prompt looks 
like when the query is run: 


| Enter Pararneter Value T m 


| Please enter state 
| 


| [ek cance 


Figure 10.33: Parameter. 


If the user enters AZ then all the customers in Arizona 
will be listed: 


Oy Cudo in Sata 


laantatt Forename - “lonted manam + Telephone = 


Ui | 


tis Eauk gahat- FS 
Danny Oaer O25: 3549 
lutat iialer 603-225-3454 
| Sabrina Deppert 802-534-1349 


| 


Figure 10.34: Arizona. 


Dynamic parameters can be used with ranges (<, >, 

<=, >=) and Boolean operators (NOT, AND, OR). 
They can also be used alongside static parameters within 
a complex query. 


C—O ON) S G O O ú üO 
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PRACTICAL ACTIVI 


Open 10.02 Sales processing 2.mdb and create 
queries for the following (identifying whether to 
use static or dynamic parameters): 


1 All sales reps with a Title of the 
user's choosing. | 


2 All products with a price below the 
| user's choosing. 


3 All products with a reorder amount above 
the user's choosing. 


4 All products with more than 100 units in 
stock that have a unit price below the 
user's choosing. 


5 All products with a category of the user's 
choosing that are also above a price of the 
user's choosing 


Analysing and evaluating when static 
and dynamic parameters should be used 
in queries 

Static parameter values should be used when those 
parameter values will not change, no matter how many 
times the query is used. For example, if you wanted to 
search a table on a regular basis for all customers based 
in China, then you would use a static parameter query 
with the criterion of Country = “China”. Dynamic 
parameters should be used when the user is likely to 
want to change the value each time the query is run. For 
example, if you wanted a query that would enable you 
to search for a specific product code, but that product 
code could be different each time, then you would use 

a dynamic query with the criterion of Product Code = 
[Please enter product code]. 


Perform calculations within 
a database 


Within a database, calculations can be performed 
on fields. This can be done within forms, reporis 
and queries. Within a form, a text box can be added 
to the form which includes the calculation. As with 
spreadsheets, the calculation must start with the 
equals (=) sign. 


In the Order Form from 10.02 Sales processing 
2.mdb, the Total Price for each order line has been 
calculated by multiplying the Quantity by the Unit 
Price. The Order Total has been calculated by adding 
up all the Quantities multiplied by their corresponding 
Unit Prices. 


The calculation for Total Price is 
= [Quantity] * [Unit Price] 


The calculation for Order Total is 
= SUM ([Quantity] * [Unit Price]) 


(=| Drim ars - O E 
Onder Farr 
1 
| F 
| gal 1 ' i 
x 
riette AL] 
iaai i Watle 
lornar 
a 
Fi-a l Ped AH 
th x ST FN 
a 
| Sue 
P d1 d T Aa LLE 


Jm H ajin je we) Eohi Emm 


Figure 10.35: Order Form. 


In some database management systems, such as 
Microsoft Access, calculated fields such as Total Price 
cannot be used in a SUM function. Therefore, the 
SUM has to use the full calculation rather than simply 
referring to =SUM([Total Price]). 


Nn E] 
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Calculations within reports are carried out in the same way as within forms. Within a query, the calculation needs to 
be defined by giving it a name and then identifying what the calculation will be. 


WORKED EX 


In 10.02 Saies processing 2.mdb, a query has been created to calculate how many products are left to sell before 
more need to be reordered: 


| eu Giry Products left to Sel = o & 


Predict | 

T Produce 

Product Hame 

Sprie ID | 

Category ID 

Chuanliby Par Ling 

Liret Price 

Lieki in Skee 

Reorder mouri 

Lirik: Ge Order 

Recenar Level 

Mis conbinuwed ¥ 


Se 


Felt | Product Hane Units. tm Stack Reorder Leas! SHl ketare Rearden i = 

Table |Produri Fradit Frodu 
Sore 

ihaw E] ¥] 
Cribene 
on 


Ed 


Figure 10.36: Query calculation. 


The calculation subtracts the Units in Stock from the Reorder Level. In order to remove any products that are 
already below their Reorder Level, a criterion has been added that the totai must be greater than zero. Here is an 
extract of the result of the query: 


Product ~ N Units In Stock ReO Level Sell before Reorder 
Aniseed Syrup 
Queso Cabrales 22 

‘Sir Rodney's Scones 3 


PRACTICAL ACTIVITY 10.23 


+ 


Open 10.02 Sales processing 2.mdb and create a query to calculate the new Units In Stock when the Units 
On Order are added to the current Units In Stock. 
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Sort data 
Ascending/descending 


Data can be sorted in ascending or descending order. 
This can be done within a table, within a query or 
within a report. The order can be based on numbers, 
alphabetical characters, dates or times. 


Grouped 

More than one field can be used to create the sort. This 
is commonly used when sorting names into order. The 
surname would be set as the first sort order and then 

if there are any people with the same surname, the 
forename would be set as the second sort order. 


WORKED EXAMPLE 10/5 


The data below is sorted in order of colour of eyes and 
then within each colour, it is sorted by height: 


Surnam )ROrename Eyes Height 
PTASIE 
1.8 


Hughes 


Gardiner 


B : 

Blue |1.9 
B 

Mathias ue 

Ta 


Perova [Als 
85 


g j 


Truong Dinh 


Saltings j Damien 
Fontana ‘Giuseppe 
Himura 1.75 Í 
Martinez 1.85 

| [Brown ER 
Danshov 18 


1.85 


Hazel | 
Haze! 


Data entry forms 


As its name suggests, a data entry form is used for the 
entry of data. It can also be used to view existing data. 


When designing a data entry form, you should consider 
who will be using it and how to make the form effective 
and user friendly by using some of the following 
techniques. 


Appropriate font styles and sizes 


Fonts should be plain and easy to read. A consistent 
font style should be used throughout so the user does 
not have to adjust to viewing different font styles. 

The colour of fonts should either be dark on a light 
background or light on a dark background so that 
the user can read the fonts clearly. The size should be 
big enough for the user to read but not so big that all 
the data does not fit on the screen. Titles and subtitles 
should be in larger fonts. 


Spacing between fields 


There should be enough space for the user to be able to 
distinguish between the data within each field. If you 
look at Figure 10.37, you will see that the fields on the 
left are separated by providing space between them and 
each field has a box around it to separate it from other 
fields. On the right you will see that there is sufficient 
horizontal space between each field to know which field 
belongs to which title. 


a a E) 
27 > 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


WORKED EXAMPLEN@R3 


The form from 10.13 Outlet monitoring.mdb is used for monitoring inspections carried out at retail outlets 


within a shopping centre. 


Outlet inspection Data Entry Screen 


Nuhe fede bana 


Inspections 
Les HTE nanru Dabo La he. Apu iy lic pari Dali Faas Rey ipid 
Ep 1 F eal th i carsat wie Compu ae priar i iy 
I | 
isslizai [z3] Lait Soret = Ei Comvita IIa [ 
r; 2 
Taliphiara rae E C Rie) Puce i hyjme Tesh gy St oes f: aha Tiri ni h OLS af 
l = z 
vigi Cake EAN Pusu thyna Tracing EETA Tend) Hi [ 
= fi 
— ‘iar v HA Peete d Dhl 15an H Ir 
Seu) i SDE Do 
ui i pok ve 
X Lt 
Penal; Percale Le oe K 
Penak; Fee ALENA 
bilka Hza iE. 
iad Parma ly Poo: zz 
Fenman k dar ahari = arhe m Frama oes ee 7 ‘ua 
amw z= = 
C ood (eer ete 


|n 


O enren lester 


Figure 10.37: Good data entry form. 


Figure 10.38 shows an example of a badly designed input form with poor data flows. 


Figure 10.38: A badly designed input. 


Character spacing of individual fields 


There should be enough space between each character 
within the data for each field to enable the data to be 
viewed. If there is too much spacing then the user will 
struggle to read the data because it is spread out too 
much. If there is too little spacing then characters will 
overlap. If single words have been used for field names 
(e.g. Outlet Code), then when using field names on the 
form, the labels for the fields should include appropriate 
spacing (e.g. Outlet Code). 


Use of white space 


White space can be used to separate data and also 

to make sure a screen does not look too cluttered. In 
Figure 10.38, you will see that there is white space used 
between the left and right hand sides, between field 
names and the data and between buttons. Having white 
space between controls such as buttons means that the 
user is less likely to select the wrong button by having 
the pointer slightly in the wrong position. 


NN O A l 
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Navigation buttons 


Navigation buttons allow the user to browse through 
records by choosing the next record, previous record, 
first record in a file or last record in a file. 


Radio buttons 


Radio (option) buttons allow a user to select one 
mutually exclusive option. 


Check boxes 


Check (tick) boxes can be used to select an item. It can 
be true (ticked) or false (not ticked). Check boxes are 
used for Boolean data types. In Figure 10.37, a tick box 
has been used for whether or not a renewal was sent 

to the outlet and tick boxes have been used to identify 
whether each inspection was passed or not. 


When printing a document, print options may be 
available regarding how much of the document to 
print, such as all of the document, a range of pages or 
selected records (or pages). 


Print Range 


©All 


©Pages From: To: 


O Selected Record(s) 


Figure 10.39: Radio buttons. 


Only one of the radio (option) buttons can be chosen 
at a time. 


Drop-down menus 


Drop-down menus allow the user to select from a set of 
options. ‘They are used instead of radio buttons when 
space is limited. In Figure 10.37 you can see that each 
inspection can be selected from a drop-down menu. 
This means that the user is only able to select from 

the list so will not make any spelling mistakes or enter 
an inspection that does not exist. This also helps to 
maintain referential integrity. 


Highlighting key fields 

If the key field is useful to the user, then it may be 
appropriate to highlight it. Figure 10.37 shows the 
Outlet Code in bold. However, if the key field is only 
used for the database structure, then it may not even 
be displayed. In Figure 10.37, there are no key fields 
displayed for the inspections or agencies. 


Subforms 

A subform shows data from related tables. The main 
data entry form will include data from the one side of a 
relationship and the subform can include data from the 
many side of a relationship. 


WORKED EXAMPLE 10.35 


The file 10.13 Outlet monitoring.mdb includes 

a form called “OutletInspectionDataEntryScreen’”, 
shown in Figure 10.38. This form includes a subform 
showing the inspections that have taken place at each 
outlet. There are many inspections to one outlet. 


Nn —“CCSCSCsCs 
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PRACTICAL ACTIVI 


1 a Evaluate the data entry form from 10.14 Library.mdb. 
AL 
(o / 


iiri Th 
= Teip 


laacing api E 


EBE EEEn E 
Auie Pier 
fears Fume Cli Pye gle | Mellen eeu imi Des Dapitete = (Si Cody 
Hours [aan] aiaa [ aagana ao 
hilain = 1a 7. POR T j Liar 


Figure 10.40: Bad data entry form. 


b Using the same database, create a data entry form for students. 
c Using the same database, create a data entry form for books without the sub-form. 


2 Using 10.13 Outlet monitoring.mdb, recreate the data entry form named 
“OutletInspectionDataEntryScreen”. You will need to use data from all three tables. 


La) 


a Using 10.08 Driving School.mdb, create a data entry form for lessons which shows all the details of 
each lesson. You should: 


e use an appropriate title 
e group information appropriately 
e use drop down menus to select the instructor, learner and car 
e create navigation buttons. 
b Create a data entry form for learners which includes a subform showing the date and time of any 
lessons they have. You should: 
e use an appropriate title 
e create navigation buttons 
e use radio buttons to select a learner's gender. 


c Extend the subform to show the name of the instructor and the make and model of the vehicle that 
will be used for each lesson. 


4 Using 10.14 Library.mdb, create a data entry form for students that includes a subform to show which 
books they have on loan. Your subform will need to include the tables Loan, Copy and Book. The Copy 
table shows each copy of each book as there are multiple copies of some of the books. You should: 


e use an appropriate title for the form and subtitle for the subform 
e use a drop-down menu to select the copy of the book that is on loan 
e create navigation buttons on the main form 


e — ensure all the necessary data on the subform is showing and any unnecessary data is deleted. 
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Reports 


Reports show data from a table or query in a structured 
format. Reports should always include a title and the 
data for each field will be displayed in columns. 


Like a query, a report can be sorted into any order. A 
report can also include summary data, such as the total 


number of records, an average value and a total value. 
Unlike a query, a report can be grouped to show records 
in groups, such as grouping books by their genre. 
Summary data can be shown for each group as well as 
for the report as a whole. 


2 v 
WYSRKED EXAMPLE 10.36 


10.08 Driving School.mdb includes a report showing all the instructors for a driving school. 


Instructors 

Job Tithe instructor 

šarane Forename Instructor iD 
Riaz 1) Siig 1 
Rogers Sally 13 
Saxby vanch Tt 
Smith Jock 5 
Uxpenn Jean z 
Walters Peggy r 
Job Title Santor instructor 

surname Forename Ins tractor 
Dean Bari i7 
Keur Sameera 15 
Senior Pergl I6 


Dale of Binh Gender Charge 


Date of Birth Gender Charge 


Figure 10.41: Report showing instructors at a driving school. 


13/08/1980 F £17.00 5 tel 
14081983 F £16,00 3 ki 
THDR ETS F £16.00 1 z 
HA D7/1974 Mi £17.00 z ki 
DAA ISTI F £16.00 4 B 
Datir F £15.00 4 zj 
Total nunaber of insiruchurs in group: Ẹ 


Surerage harge for group: ELG.17 


Wt Hours Weekends 


O2/07/ 1968 MI Erg i ki 

PErDS 1365 F FIBT 2 bel 

18/05/1971 M £17.00) a tel 
Total nummisar of instructors in group: a 
Avarge change for group: Eiko 


Total number of instructors 


i 


Average change £15.78 


It has been grouped by Job Title so the Instructors are shown first followed by the Senior Instructors. It has also 
been filtered to only show instructors who are willing to work weekends. Within each group, the data is sorted by 
surname and the total number of instructors in each group are shown along with the average charge for the group. 
The total number of instructors willing to work weekends is also shown together with their average charge. 
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Figure 10.42: Report design. 


Figure 10.42 shows how the report has been set up. The report header is the heading that appears at the top of 

the report. Page headers and footers can appear at the bottom of multi-page reports. The detail shows the data 
that will be listed. The Job Title header is the heading used for each group in this report. Data in the Job Title 
Footer appears at the bottom of each group in this report and shows the summary data. The report footer includes 
summary data for the whole report. 


Reports are used to show the output of data either on screen or in a printed format. Therefore, they do not include 
form controls, such as drop-down menus, navigation buttons, radio buttons or check boxes. 


T 


a 


PRACTICAL ACTIVI N 


1 a Using10.12 People.mdb, create a report to show all people in alphabetical order of surname. 


b Create a query that shows all people from Italy. Create a report based on this query. 


c Create a report to show all the people grouped by their nationality. For each group, show the 
average height. 


2 a Using 10.14 Library.mdb, create a report to show all of the books grouped by Genre. 


b Create a report to show all the books that have been loaned grouped by each student. You will 
need to include the following fields from multiple tables: 


e  Student.Surname e _Loan.Return date 
e Student.Forename e — Copy.Copy 
e — Student.Class e  Book.Booktitle 


Loan.Loan date 
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Switchboards/menus 


A menu can be used to help users navigate between 
elements of a database including forms, reports 

and action queries. A menu should include a title, 

clear instructions and buttons for each element. A 
switchboard is a Microsoft Access term used for creating 
a menu automatically. A switchboard manager is used 


to create the menu with links to forms, reports, macros 
and exiiing the application. It creates a form which 
acis as the switchboard and a table which contains the 
switchboard data such as actions to take and objects to 
open. It is possible to have multiple switchboards so a 
menu could have sub-menus. 


J 
WORKED EXAMPLE 10.37 


10.02 Sales Processing 2.mdb includes a switchboard. 


The switchboard manager was used to add items to the menu. This example shows the “Open Order Form” button 
being added to the switchboard: 


All Access Obje.. 2 «lf a 
( 


Tabi licis = A 
=] Dale qury | 
1 Cuno cid 
E Enployes | Fica je 
| 
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S Sedboboed F ; 
= Jæ one | ia dapes Seca 
oe | —— a | 
Tj Sues Rep | |) Edt cedtchooard Page 
|. 

Sa! Supplier | = 

PR | Shajbchbcand hare! chee | 

| =H Sway hhasd terma | Bray ~ 
Queries a | ere on fig witha: Sy | 
4l ny Cahora anert on WE | | -n TA Saint L = 
| Eat Seitchbeand kere 
ral Ay Lisilo i Galllorhia 
| — - = 
a Say Cua bomers in State | Tesh mew Ords | [=] 
0) ry Products lett be Sell named: iOpen Pome in Edt Mode 
‘A i = Cenes 

ql Cay Products svar 375 i! p Erda Fome r a — ral 
g C ales Hepratenlilisis | i = = ret aeruma p > 
Fnenms = | = a 
H Didier amm 
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Sutter avan | 


Figure 10.43: Switchboard Manager. 
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CONTINUED 


All Access Obje,. =| 


The switchboard items were automatically stored in a table: 


Figure 10.45: Switchboard Form. 


Tables & | 
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= rmp" | : LAA Ostet 
a E 1 Loner Orders 3 Greer Form 
èh 1 X heri Clie 2 Gen boa 
pes ode Les l 3 EXE ā 
aN -Pedii E5 m 
25) spus ff 
Bis inpli 
H: Sunin Era 
Figure 10.44: Switchboard Table. 
The form was created automatically: 
E] biii Tex 


Export data 


In the same way that data can be imported from common 
formais, it can also be exported to common formats. This 
allows data to be used by other users who either do not 
have DBMS software or do not know how to vse it. It can 
also be used to transfer data to other systems. 


Table 


Data in tables can be exported as a delimited file in CSV 
format, as fixed length fields in text format or as a table 
within a RTF file. It is sensible to save the field names 
when saving to CSV or text tiles. 


Query 


Data from queries can be exported in the same way as 
tables, but only the data that meets the criteria of the 
query will be exported. 


Report 


Reports include formatting, so the best method of 
export is to a RTF file which will include all the original 
formatting. Data that is exported from a report to a text 
file will lose its formatting. 


NN G üO 
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Attribute 1 


Attribute 2 


Open 10.01 Sales processing.mdb and export 
the following: 

1 The Customer table in CSV format. Table names will be in capitals, primary keys will be 
underlined and all attributes will be listed below the 
table name or within brackets. 


TABLENAME (Primary Key, Attribute 1, Attribute 2) 


2 The UK Sales Reps query in fixed length 
fields text format. | 


3 The Categories of Products report in 
Raion | Normal forms 


Unnormalised form 


Questions Data in unnormalised form (UNF) is a flat file. It will 
contain non-atomic data, repeating groups of data and 
possibly redundant data. Non-atomic data is where a 
2 Describe the difference between a simple query and field contains more than one item of data. 

a complex query. 


1 Define the term primary key. 


Repeating groups of data is when fields are repeated for 
each record or a record appears to have more than one 
set of data for a group of fields. 


3 Give an example of when a dynamic parameter 
query might be used. 

4 Identify the decisions involved in exporting data 
from a table. 


Redundant data exists when data is repeated 
unnecessarily. This can be spotted when data can be 
identified by knowing it is dependent upon another field. 


5 Explain the importance of referential integrity. 


0.3 Normalisation to aN eee 


third normal form 


This table contains non-atomic data: 


327BLF 


Introduction to normalisation 
327BPM 


Normalisation is the process of structuring data within a 
database. The process starts with a flat file and finishes with 
a set of related tables. It is a formal method of ensuring 
that each table is structured correctly and does not contain 
redundant data. There are stages throughout the process 
known as normal forms. Each normal form measures the 
extent to which the data has been normalised. 


327CLF 


The colour, material and gender are three separate items 
of data within the description. This causes a problem 
when trying to sort data by a specific characteristic, 
such as colour, or when trying to search by a specific 
characteristic. (Note: ¥ is the symbol for rupees.) 


normalisation: process of structuring data in First normal form 


a datab . . 
| pais Data in first normal form (1 NF) must satisfy the 


following criteria: 


When describing tables, the following conventions e all fields must contain atomic data 
will be used: 


TABLENAME 


e there must be no repeating groups of data 


e there must be a unique key. 
Primary Key 


SCN A 
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WORKED EXAMPLENO39 


This table contains fieids that are repeated for each record: 


Surname Forename Subject 1 j Subject 3 Subject 4 
a e a a 


mas foem J 


The Subject field has been repeated. This can be a problem when trying to search for all students studying the same 
subject or when a student only studies one subject (leaving several blank) or when a student needs to study a fifth subject. 


This table contains more than one set of data for a group of fields: 


Book Date Due 


Everything in Colour | 12/5/19 12/6/19 
Guardian 12/5/19 12/6/19 


Rushton i Saving Grace |1 14/6/19 


Smallwood Delirious ~ [26/11/19 3/1/20 
Stretch Out 5/1/20 5/2/20 


Always Faithful 5/1/20 5/2/20 


Some students are borrowing more than one book and so the fields Book, Date Out and Date Due contain more than 
one set of data per record. This could also be classed as non-atomic data as there is more than one data item per field. 


WORKED EXAMPLE 10.40 PRACTICAL ACTIVITY 10.27 


a? 


The table below contains redundant data: Describe the characteristics of data in ONF using 
examples from the table of driving lessons: 


Learner O Instructor | Instructor | Price 
ID 


Order Order Produts Quantity Price 
ID Date 5 


T30/5/16 |4 Marcus [$35 
Brown 
Pocock | 6/6/16 |4 Marcus $35 
| Brown 
31/5/16 Mike Joyce 


The price is dependent upon the product and therefore 1/6/16 
it is being repeated unnecessarily. If we know the Brown 


product, we know the price. 


15/10/19 | Marzipan |3 [$1.50 


E RN EO 
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WORKED EXAMPLE a 


The ORDER table below contains details of products 
ordered by customers: 
ORDER 
Order Date 
Customer ID 
Customer Name 
| Customer Address 
Product Code 
Description 
Quantity 
Price 
Indented fields are a repeating group for each order. 
To be in INF, this table needs: 
e a unique key (Order Number) 


* atomic data (Customer Name and Customer 
Address need breaking down) 


* no repeating groups of data (products being ordered). 


1NF: LESSON (Learner, Lesson Date, Instructor 


ID, Instructor, Price) 


35 


EE 


Second normal form 


Data in second normal form (2NF) must have no partial 
key dependencies. This means that no non-key fields can 
be dependent upon part of a primary key. This therefore 
only applies to tables with compound keys because 

they are the only tables that can have partial keys. 
Dependencies exist when the data is known because of 
its direct relationship to another field. 


When identifying partial key dependencies, there 
will be fields that are dependent on just one part of 
the compound key. These fields and that part of the 
compound key will form a new table. 


The ORDER table becomes: 


ORDER (Order Number, Order Date, Customer ID, 
Customer Forename, Customer Surname, Customer 
Address 1, Customer Address 2, Customer Address 3, 
Customer ZIP Code) 


A new table for the order of products needs to be added, 
but it needs to retain information about which order 
each order of products belongs to: 


ORDERLINE (Order Number, Product Code, 
Description, Quantity, Price) 


Order Number is retained in the ORDERLINE table as 
a foreign key. However, it is not unique and so cannot 
be used as the primary key. However, a combination of 
Order Number and Product Code are unique and so 
these become a compound key. 


WORKED EXAMPLE 10.42 


The orders database from the previous example now 
contains two tables: 


ORDER (Order Number, Order Date, Customer ID, 
Customer Forename, Customer Surname, Customer 
Address 1, Customer Address 2, Customer Address 3, 
Customer ZIP Code) 


ORDERLINE (Order Number, Product Code, 
Description, Quantity, Price) 


Only the ORDERLINE table contains partial keys. 
Description and Price are dependent on Product Code 
which is part of the compound primary key. Therefore, 
a new table needs to be created for products: 


PRODUCT (Product Code, Description, Price) 


The information stored in the ORDERLINE table 
that is not part of the PRODUCT table needs to be 
retained: 


ORDERLINE (Order Number, Product Code, 
Quantity) 


The Product Code field is retained in the 
ORDERLINE table as a foreign key because it is still 
necessary to know which products were ordered. 


Nn —“C:sSCSCi(a 
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PRACTICAL ACTIVI 


Normalise the table of ingredients below to 2NF: RECIPE-INGREDIENT (Recipe ID, Ingredient ID, Ingredient 
Name, Measure, Quantity) 


— p Flour a 
boo i C 
= 

[a0 


mn 
Ta me Table-spoons 
Mies 
| E E E 


Third normal form 


Data in third normal form 3NF must have no non- primary keys can be ignored. All other fields should 
key dependencies. This means that there should be no be examined to see if they are dependent on any other 
fields that are dependent upon another field that is not non-key fieid. 


a primary key. Therefore primary keys and compound 


WORKRB E AM PLE 10.43 i 
The orders database from the previous example now contains three tables: 


ORDER (Order Number, Order Date, Customer ID, Customer Forename, Customer Surname, Customer Address 
1, Customer Address 2, Customer Address 3, Customer ZIP Code) 


PRODUCT (Product Code, Description, Price) 
ORDERLINE (Order Number, Product Code, Quantity) 


In the ORDER table, all the customer data is dependent on the Customer ID which is a non-key field. A new table 
needs to be created called CUSTOMER: 


CUSTOMER (Customer ID, Forename, Surname, Address 1, Address 2, Address 3, ZIP Code) 
The ORDER table now becomes: 
ORDER (Order Number, Order Date, Customer ID) 


Customer ID is retained in the ORDER table as a foreign key so it is still known which customer placed the order. 


PRACTICAL ACTIVITY 10.30 


Normalise the table of students below to 3NF: STUDENT (Student ID, Forename, Surname, Class, Teacher 
Title, Teacher Surname) 


N ge 
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PRACTICAL ACTIVI 


Normalise the data to 3NF. 


PROJECT 

Description 

Start Date 

End Date 

| Client ID 

Here is an example of the data: 


Description | Start End Date | Client Company | Contact | Employee | Employee 
Date ID Name | Name 

Jerry 

| |Estates | Dean 


28/2/15 | 31/12/16 


Haywoo 


Advantages and disadvantages 
of normalisation 


Normalisation removes duplicate data from a database. 
Not only does this reduce the size of the database, it 
also removes the potential for errors and inconsistencies. 
Data that is duplicated may be edited for one record but 
not another, meaning that it becomes inconsistent. This 
causes problems when searching for matching data. 


The database will perform better if it is normalised 
because searches can be carried out on indexed fields 
and data can be looked up trom related tables. However, 
each lookup does take time to perform and will use up 
processor time, which means that some queries that 
require access to more than one table may be slow. 


As tables no !onger contain redundant data, 
maintenance tasks such as rebuilding indexes can be 
completed more quickly. However, it can be difficult to 
understand the data stored in each table because foreign 
keys consisting of numbers or codes are used and they 
mean very little to the user. This means that the user 
will need to build queries to look up data from related 
tables. These queries can be quite complex and require 
expertise from the user. 


The database becomes more flexible in that it is easy to 
add new fields to tables without affecting other columns 


This PROJECT tabie contains details of the employees working on projects for clients. It is currently in ONF. 


10 Database and file concepts 


Company 
Contact Name 
Employee ID 
Employee Name 
Employee Hours 


Janice Spring 
Janice Spring 


and it is easy to add new tables without affecting existing 
tables. Having smaller tables also means that data can 

fit onto one screen or one page more easily because 
there are fewer fields and security permissions can be 
applied to individual tables. However, it is also necessary 
to design the database properly and to understand the 
process of normalisation. This is a high-level skill that 
requires a database designer to understand the real 
world data structures aid represent them in a relational 
database. An average user would not be able to do this. 


Questions 

6 Identify two characteristics of data in INF. 
7 Describe one characteristic of data in 3NF. 
8 Explain two advantages of normalisation. 


10.4 Data dictionary 
Metadata 


A data dictionary is a document or file that describes 
the structure of the data held within the database. It 
is known as metadata which means ‘data about data’. 
It is a tool that is used by database developers and 
administrators. It will include the following items: 


Ne SCC‘ 
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e indexed fields which improve search times 


e — validation rules that restrict data entry for 
data dictionary: metadata (information) about that field 


the database e data about tables: 


e the primary key of the table 
e data about fields: 


; ; e what sort order to use when displaying data 
e field names to identify each field 


: : e relationships to other tables 
oe data types, such as text, integer, date/time 


e field size, such as the length of a text field or e total number of records 


the maximum value of a numeric field e validation rules that apply based on multiple 

e format of fields fields within the table 

e default values which are valves a field is set to e permissions and security as to which users can 
be initially when a new record is created access the table. 


e primary keys, compound keys and foreign keys 


Attribyfé,O i i Format 
Product Code i XX99XX 


Description 


| Category Code Integer T 9999 
Decimal $999.99 


Wy 
Attribute Validation Ty, Rule Errah Message 
Product Code Must be in the format of two Please enter a code that is two 
letters, two numbers, two letters | letters, two numbers, two letters 


Presence Must be present Please enter a description 


Category Code | Look up in List Must exist in Category Code in Please enter a category code that 
| Category table exists in the category list 


Price Range Between 0.01 and 999.99 Please enter a price between 
0.01 and 999.99 


S aNG 
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Attribute 


Employee iD 


Surname 


| Forename 


Date of Birth 


Telephone 


Year Joined Company 


Pension Scheme? 


Data types 


It is necessary to know the type of data in order to store 
it correctly and process it efficiently. 


| Faj Frodect 
| Field Name T 
VE | Product 1D Numiber 
Description Short Text 
|__| etal Price Currency 
| |Dete Started Data Time 


Figure 10.46: Product data types. 


Text 


Text data types come in different formats. They can also 
sometimes be known as string or alphanumeric. A text 
data type can contain any letter, number or symbol. 


WORKED EXAMPLE 10.45 > 
AN Lo) 
| Jane Atkins 


M 
Female W6749PR 
O’Connor 


info@alphabeta.rtq 
00 44 208 555 5555 


Numeric 
Numbers can be stored in two main formats which are 
integer and real. 


Integers are whole numbers. These can be negative or 
positive but must not contain decimals. 


Real numbers can contain decimals. They can be 
positive or negative. 


Numbers can also be formatted as percentages or as 
currency. Currency values are presented with a currency 
symbol. The currency symbol isn’t actually stored with 
the data, but is presented when the data is displayed. 


Percentage values are stored slightly differently to other 
number values. The number that is displayed is stored 
as a one hundredth (1/100) of the value. When using 
25%, for example, the computer would store it as 0.25 
(25/100). However, it would display 25%. So when the 
computer displays a percentage data type, it multiplies 
what is stored (e.g. 0.63) by 100 and adds the percentage 
symbol (e.g. 63%). 


The table 10.7 shows examples of the different 
number format. 
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| 0.09 0%) 
; “0.06 (6% 


232 383 109.00 2 . 2 323 821 


2.38 (238%) 


| 
—_ 


WORKED EXAMPLE 10.46 


Use a spreadsheet to enter the 
following numbers: 
5 0.32 
60 0.2 


Dates can be formatted in a variety of ways such as: 
18/7/1965 

18-07-65 

18" July 1965 

July 18, 1965 


Now format the cells as percentages. What has 
happened to the data and why? 


Some people get confused with telephone numbers However, they are always stored in the same way: day 
because the word ‘number’ is used. However, a telephone 18, month 7, year 1965. The symbols (such as *®, / and -) 
number is actually a set of digits. The number data types are not stored. They are just displayed. 


cannot include the spaces or hyphens or brackets which 
are often used within telephone numbers. The number 
data types also cannot start with a zero because numbers 
cannot start with a zero. Arithmetic calculations can be 
performed on numbers but not on telephone numbers. 
Therefore telephone numbers are stored as text. 


WORKED EXAMPLE 10.47 

Times can also be formatted in a variety of ways: 
12:55 p.m: 

14:02.45 (hours, minutes, seconds) 


Try typing this telephone number into a spreadsheet 


(without using spaces) and see what happens: 0305 hrs (five past three in the morning) 


00442085555555 
If this was a number it would actually be . y . 
442 085 555 555 which is 442 billion. 85 million Dates and times can also be combined to give a specific 
555 thousand, 5 hundred and fifty-five. time on a specific date, for example: 

12:55 18-07-65 
Date/time Internationally, days, months and years can be stored 
This data type is used to store dates and times. The in a different order. It is important to specify this order 
number data type cannot be used because it works in when setting up a data type. For example, in America, 
10s, 100s, 1000s, but a date/time data type will be able they use month, day, year (e.g. 7/18/1965), whereas in 
to work with days, months, years, hours, minutes and the UK they use day, month, year (e.g. 18/7/1965). This 
seconds. It will also enable dates and times to be sorted can become a problem when the day part is 12 or less. 
into a logical order. What date is 5/10/2019? Is it 5 October or 10 May? 


Boolean/logical 


Boolean or logical data types can have only one of two 
values. These two values are TRUE and FALSE, but 
are sometimes represented as YES and NO. If you use 
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Microsoft Access you will notice that this data type is 
referred to as the Yes/No data type. 


Data is only a Boolean data type if the two possible 
answers are TRUE/FALSE or YES/NO. Boolean/ 
logical data types do not include data like ‘M’ or ‘F’ for 
Male or Female. These are actually text data types. Just 
because there are two possible answers for the data does 
not mean that it is a Boolean. 


Select appropriate data types 


You will need to know how to choose an appropriate 
data type for a given situation. You will also need to 
be able to select appropriate data types when creating 
spreadsheets and databases. The following guidelines 
should help you: 


Integer 


The data contains whole 
numbers only 


The data contains a decimal 
number 

The data starts with a zero (e.g. 
telephone number) 

The data includes letters, Text 
symbols or spaces 


The data is a date, a time or Date/Time 
both 


The only values for the data are | Boolean/Logical 
TRUE/FALSE or YES/NO 


Table 10.8: Data type rules. 


\ 
VITY 10.34 


PRACTICAL A&@ 


Data is to be stored in a database about party 
bookings. Select the most appropriate data type 


for each of the following fields: | 


e Date of Party 
| e° Time of Party 
e Room being Booked 
e Number of Guests 
e Deposit 


e Price Charged 
e Paid? 


Questions 
9 Identify and describe three components of a data 
dictionary. 


10 Select the most appropriate data type for the 
following information stored about flights: 


Flight number (e.g. BA372) 
Departure date 

Departure time 

Airport code (e.g. ACF) 

Max number of passengers 
Type (e.g. scheduled or charter) 
Arrived? 


11 Give reasons for the use of the text data type for 
storing a mobile phone number. 


10.5 File and data 
management 
File types 


When data is saved it is stored in a file. Different 
software applications use data in different ways and so 
the way the data is stored differs between application 
types. For example, a database stores data in tables, 
whereas graphics software stores data about pixels. 


Each file will typically include a header, which will be 
metadata (data about the file), then the main content 
will be stored foiiowed by an end-of-file marker. 


To a user, file types are usually identified by their 
extension. For example, Students.txt has an extension of 
txt which identifies it as a text file. 
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Examples of file types include: 


| v v 
| e N 
txt Text Stores plain text without any formatting. It is useful for transferring data 
between applications, but any formatting is lost. 
.CSV Comma separated | Stores structured data as plain text in rows with each column separated 
values by commas. It is usefui for transferring data between databases and 


spreadsheets or other applications which require data in a structured format. 


Rich text format Stores text-based documents and includes the formatting (rich text). It is 
used to transfer data between different word processing or other text-based 
applications. 


rtf 
.docx Microsoft Word document Stores Microsoft's word processing documents in open XML 
XML format by saving all objects separately within a compressed file. 


pdf Portable | Used to share read-only documents in a common format that can be 
Document Format | accessed by any PDF reader software. It is commonly used for storing 
documents on the web as its contents can be indexed by search engines. 


.odt OpenDocument | An open-source file type for word processor documents that is used by open- 
Text source word processors and is not tied to one manufacturer. 

.ods OpenDocument An open-source file type for spreadsheets that is used by open-source 
Spreadsheet spreadsheet software and is not tied to one manufacturer. 

.odp OpenDocument An open-source file type for presentations that is used by open-source 
Presentation presentation software and is not tied to one manufacturer. 

Atm Hypertext Markup | Stores web pages that can be opened by any web browser. 
Language 

xml Extensible Markup | A data file that uses markup language to define objects and their attributes. 
Language They are used to transfer data between applications and can be read by a 

simple text editor. 

„avi Audio Video Microsoft's method of storing video files with very little compression. File 
Interleave (video į sizes are very big but no data is lost. 
file) 

.mp4 Moving Pictures | Audio and video are compressed and videos can be shared across the 
Experts Group internet. 


(MPEG) Layer-4 
(video file) 


.wav Waveform Audio | Stores audio files as waveform data and enables different sampling rates 
File Format and bit rates. This is the standard format for audio CDs but does not include 
compression so files are large. 


mp3 MPEG Layer-3 Stores audio files in a compressed format approximately 10% the size of.wav 
audio compression | files. Enables audio files to be shared across the internet. 


.omp Bitmap image Stores images as uncompressed raster images, storing each pixel individually. 
They are large files but can be accessed by any software. 


jpg Joint Photographic | Stores images as compressed raster images. It is used by most digital 
Experts Group cameras and is a common format for web graphics but its use of lossy 
(compressed | compression can mean some quality is lost 
image) 


PF CUNY agi 
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Portable Network | Stores images as compressed raster images and can include background 
Graphic transparency making it useful when images are required on different colour 
backgrounds. 


| Scalable Vector Stores images as two-dimensional (2D) vector graphics. It is a standard 
Graphics format for using vector graphics on the web. 


Stores program object code which enables the program to be executed by 
the computer. 


Table 10.9: Examples of file types. 


r free from copyright, patents and trademarks, and their 
File formats structure is known publicly. They are usually maintained 
by an internationa! standards organisation or a public 


Proprieta ry file formats interest group. Their main advantage is that the files can 


Proprietary file formats are file types that have been be shared between users of different software. However, 
developed by software manufacturers solely for use they can hoid back development of open-source 

within their software. Using their own formats means software because new features will require the file format 
that software manufacturers are free to develop software standard to be updated. 


features that will store data in a way that is most suitable 
for the software and without waiting for a standard 
format to adapt to the software’s needs. This enables 
software to improve and provide new features that 
otherwise would not be available. 


Some examples of open-source file formats include: 


Compressed Developed by the 
raster graphics | Joint Photographic 
Experts Group (JPEG) 
and standardised 
by the International 
Organization for 
Standardization (ISO) 


Some examples of proprietary file formats include: 


Compressed 
Microsoft Outlook raster 
Real Networks graphics with 
transparency 
support 
Appl 
E-book International Digital 
Adobe Photoshop Publishing Forum 
Extensible World Wide Web 
Markup Consortium (W3C) 
Language 
Table 10.10: Examples of proprietary file formats. Compressed Developed by the 
video Moving Picture Experts 
: Group (MPEG) and 
Open-source file formats standardised by the ISO 
Open-source file formats are file types that have J 
been developed for the purpose of being used by any Table 10.11: Examples of open source formats. 


proprietary software or open-source software. They are 


PCN a, 
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Generic file formats 


Generic file formats enable data to be transferred 
between software. Data can be exported from software 
to a generic file format and generic file formats can be 
imported into software. They store the essential data but 
will not include any formatting. 


Qq 


The two main file formats used within databases are CSV 
and TXT. These were described earlier in this chapter in 
the section about importing data. 


Types of file access 


Indexed sequential access 


Many years ago, data was often stored on tape, which 
required records to be written one after another onto 


the tape. This was known as storing the data serially. To 
access the data, all the records would need to be read 
from the first onwards until the required record was 
found or until the end of the file was reached. It could 
take a very long time to read through a whole table of 
data and so indexed sequential files were developed. 


Indexed sequential files still store records one after each 
other but they are sorted into an order based upon a 
field. For example, data about customers might be sorted 
into surname order or customer ID order. Sequential files 
are particularly useful when data is being batch processed 
such as when gas bills are being generated and the master 
customer file will be processed in order of customer ID 
and any transaction files will also be processed in order 
of customer ID. 


WORKED EXAMP 
LA 


Here is an example of part of a master customer file showing the customers, the date the current meter reading was 
taken, the previous meter reading (amount of gas used) and the current meter reading: 


tuf 
Customer ID 


ding Previous reading 


Current reading 


32721 34872 
02717 03281 
47270 48572 


Here is an example of part of a transaction file that will be processed to update the master customer file with new 


gas meter readings: 


Customer ID 


Surname 


Current reading 


Previous reading 


Nn O O O O Ol 
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When reading the data in sequential files, it was 
necessary to read the whole file serially from the 
beginning because there was no way of knowing where 
each record was stored. Indexed sequential files are 
stored in exactly the same way as sequential files but 
the file also has an index based on the field used to sort 
the file. A field with an index is known as a secondary 
key. The index file stores each secondary key value and 
the address in storage (e.g. tape or disk) where the first 
record containing that value is stored. 


The index is small enough to store in main memory and 
so all that needs to be done to find a record is to search 
the index, find the location in storage and then read the 
records from that point until the record is found. 


If Employee ID is the secondary key, then an index 
will exist with Employee ID as one column and the 
storage address as the other column. Rather than 
storing every single Employee ID, the index may store 
every tenth Employee ID for example. 


8C4DDDF5 


Direct file access 


The use of indexed sequential file access still requires 
some serial access of data and there are problems with 
trying to maintain a file in a sequential order as new 
records are added and old records deleted. 


With direct file access, records are stored in a random 
order. There is no sequence. When storing a file, a 
hashing algorithm (calculation) is performed on the key 
field to determine the storage address where the record 
should be stored. Then, when the record is searched for, 
the same hashing algorithm will be performed on the 
key field to determine where the record can be found. 
The computer system can then direciiy access that 
record without having to read through other records. 


Hierarchical database 
management systems 


The hierarchical database model was created in the 
1960s and is not commonly used today. The model relies 
upon a tree structure where each parent branch is the 
one side of a relationship and each child branch is the 
many side of a relationship. The tree structure can only 
deal with one-to-many relationships and can only work 
in one direction. Hierarchical databases are only suitable 
for models which have a strict hierarchy. 


One such hierarchy is the file system used within 
computer systems. The file system may look something 


like this: 

Computer 

system 
= 
, AE s Pa Frese E wn Windows 
a Pa E] 


| Community 


Family O 


Figure 10.47: Folder structure. 

Each disk contains folders and there may be further 
subfolders within each folder. Each subfolder has only 
one folder at the level above it. To find the data, the user 
browses through the system, selects the disk the data is 
stored on, then selects the folder, then selects the next 
subfolder until eventually the file is found. 


This same process is used when searching for data 
within a hierarchical database. This means that data at 
the top of the tree is very quick to access. 
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WORKED EXAMPLES Q} 


A bank could store data about customers and the 
accounts they hold: 


oer | Savings loan 
oer | account 
Tow Debit Debit 
Tow transactions + A i 
| 
| ssj Credit 
| ions transactions 


Figure 10.48: Hierarchical bank. 


Management information 
systems 


introduction to management 
information systems 


A management information system (MIS) provides 
summary information to managers to enable them 
to make decisions. The MIS wil! collate data from a 
database and present it in the form of reports and 
charts. These reports and charts can be produced 
within the database system itself or they may be part 
of an additional piece of software that is used to 
analyse the data 


The additiona! software is likely to collate data from 
more than one database and interconnect the data 
from those databases to produce reports that analyse 
all the data together. When additional software is used 
to collate data from more than one database, it is often 
referred to as an executive information system (EIS). 


A MIS has the following essential features: 
e data is collated from databases and other sources 


e data is interconnected from different sources 


e data is analysed to provide the data that is required 
by management 


e summary reports and charts are produced for 
managers that will help with decision making. 


The reports and charts are created by people, but once 
they are created they can be reused as the data changes 
within the data sources. It’s important that the reports 

and charts provide information that managers need. 


Using MISs 


Information from a MIS is used by managers to 

make decisions. Managers can examine the summary 
information and then decide upon actions to take. 
Reports are provided ai regular times and it’s also 
possible for managers to request ad hoc reports if they 
need additional information. 


| WORKED EXAMPLE 10.51 


| Managers within a large second-hand car dealership 
need to be able to monitor sales. They need to be able 
to identify trends in sales for different makes and 
models of cars at different times of the year. This will 
enable them to identify which cars are selling the most 
and which are making the most profit. They can then 
decide which second-hand cars they want to acquire 
to sell. 


Marketing managers can analyse how effective a 
marketing campaign was by comparing sales figures 
during an advertising campaign with sales figures 
outside the advertising campaign. This will help 
them to decide whether to run similar campaigns 

in the future. 


Questions 


12 Explain why generic file types are needed. 


13 Describe the steps involved to find a file using 
indexed sequential access. 

14 Explain why direct access is used for databases in 
preference to indexed sequential access. 


15 Describe two features of management information 
systems (MISs). 
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Consider how long it would take to find a single record of data from 10,000 records on paper rather than 
using a database. 


Discuss the problems that would occur with written data rather than a database if changes needed to be 
made to the data, if the data needed to be sorted, if queries needed to be performed on the data or if 
calculations needed to be performed on the data. 


Discuss what problems might be experienced if a relational database didn’t use referential integrity. 


| Consider times when you have used data in generic file formats, proprietary file formats and open source 
file formats. What was the purpose of using these formats and how did it help you complete a task? 


REVIEW PRACTICAL ACTI 


A shopping centre would like to monitor the inspections that are carried out at their food outlets. These 
inspections include Health & Safety, Food Hygiene, VAT and Franchise Quality Control, amongst others. Figure 
10.49 is an example of an Outlet Inspection Card that the organisation currently uses in a paper based format: 


OuTiEt ood 


0029 


Outletiere Wimpy 


Floor 


LOST ar 


v4 


Peleroree 0127393075 


SANs lee Esa 000000 
Inciectioatame z Agency -| InspactlonOate =| Pas è = ae 
__ |Health & Safety HES Ex aculive Pet aed hc fl 30 
VAT HM Reverie K Customs oso E pa) 
Food Hygiene Trading Standards 23/03/2011 E 35 
(Faad Hygpane irading Standards De OS 2002. El 2 
__ Franchise Quality Contra! Franchise Partmers 20S 2001 E i 
|Health & Satety HES Executive Inte 20a1 tl Et 


Figure 10.49: Outiet inspection card. 


1 Create a database that can be used by the shopping centre to monitor these inspections. Import the 
three files 10.16 outlet.txt, 10.17 inspectionvisits.txt and 10.18 inspectiontypes.txt. Normalise the 
data to third normal form by removing redundani data and replacing it with appropriate foreign keys 
and adding any primary keys that might be needed. 


2 Create relationships and enforce referential integrity for the database. 


3 Penalty points are only applied if the inspection is failed. Using a query, create a calculated field that 
will show the ‘Penalty Incurred’ only if an inspection is failed. 


4 a Create a data entry screen that will look similar to Figure 10.49 and will allow the entry of data 
about outlets and their inspections. It should include a subform and only show the penalty if one 
was incurred. 


b Create a drop down menu that can be used to select the inspection type on the subform. 
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c Add a calculation to the form to calculate the total penalty due. The penalty is calculated as £100 
multiplied by the total penalty points. 


d Create a button that will print the Inspection Data Entry Screen for a single outlet. 

Create validation rules that will prevent invalid data being entered for the following scenarios: 
a There are 4 floors in the Sheep Square Shopping Centre from 0 (ground) to 4 

b Inspection dates must always be after the opening date of an outlet 


a Produce a query to show the number of inspections passed between 1/2/2011 and 30/6/2011 for 
each type of inspection. 


b Produce a query showing a list of the outlet codes for any outlets that have failed at least 2 
inspections. 


Create a graph that will show the Inspection Names on the x-axis and the Number of Passes on the 
y-axis using an appropriate title and clearly labelled axes. 


Create a report which shows all failed inspections grouped by the type of inspection. The report should 
include the name of each outlet, the agency used for the inspection and the inspection date. 


Create a menu that will open the following items and include an option to exit the application: 
e Outiet Data Entry Screen 
e inspection Passes Graph 


e — Inspection Failure Report. 


6, 


EXAM-STYLE QUESTIONS , 


1 


aS 


A website accepts donations tor charities. Each donor may make several donations to one or 
more charities. This inform2tion is stored in a relational database. 


a Identify three tables that should be used within the database. [3] 
b Describe two relationships that would be used within the database. [2] 
c Explain how referential integrity is important to this database. [2] 

[Total 7] 


An apartinent complex stores data about its customers, their bookings and the rooms they are 
staying in. The entity relationship diagram (ERD) is shown in Figure 10.50: 


Figure 10.50: Entity relationship diagram. 
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© a Ww 
CONTINUED We ae, 
a Identify two foreign key fields that should be used within the database. [2] 
b Select the most appropriate data type for each of the fields below in the apartment table: [3] 


i Telephone Number 
ii Swimming Pool 


iii Bedrooms 
c Describe how a dynamic parameter query could be used to produce a list of customers that have 
stayed in an apartment during a specified time period. [4] 
d Explain why this query would be a coinplex query. [2] 
e Identify and describe three items of a data dictionary that could be used in this database. [6] 
[Total 17] 


3 Students in a college belong to tutor groups. Each tutor group has one tutor. The students 
are able to borrow books from the college library. 


Normalise the unnormatised data below to 3NF. Show each table, its attributes and its primary keys. [4] 
STUDENT 
Name 
Address 
Telephone 
Tutor Group 
Tutor Name 
Pook ID 
Title 
Due Date 
4 Describe the difference between prontietary and open-source file formats. [2] 


SUMMARY CHECKLIST ie 


I can assign a data type and an appropriate field size to a field. 


I can understan<i the three relationships: one-to-one, one-to-many end many-to-many. 


I can create and use relationships. 


Ican creat: and interpret an entity relationship diagram. 


I can understand the difference between a flat file and 2 relational database and when one might be 
preferred in certain situations. 


I can create a relational database. 


I can understand the function of key fisids. 


I can set primary, compound and foreigu keys. 


I can understand referential integitiy and its importance. 


I can use referential integriv;. 


Se TN EE, 
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I can validate oxd verify data entry. 


I can perform searches. 


I can use arithmetic operations and logical functions to perform calculations within a database. 


I can sort data. 


ì can design and create an appropriate date entry form. 


I can design and create a switchboard meru within a database. 


I can import and export data. 


I can understand the characteristics of data in unnormalised form, first, second and third normal forms. 


I can understand the advantages and disadvantages of normalisation. 


I can normalise a database co first, second and third normal form. 


I can understand the somponents of a data dictionary. 


I can create a data dictionary. 


I can select appropriate data types for a given set of data an a given situation. 


I can idenufy different data types. 


I cau use static and dynamic parameters in a querv asd understand their use. 


T can understand when static and dynamic pararicters should be used in queries. 


rs 


I can understand when simple, complex anad nested queries should be used. 


I can understand when summary queries. including cross-tab queries should be used. 


I can understand different file types aud their uses. 


I can understand what is meant òy proprietary and open-source file formats. 


I can understand why open-source file formats are needed. 


I can understand why generic file formats are needed. 


I can understand ibe vse of indexed sequential access. 


I can understand the use of direct file access. 


Į can understand the use of a hierarchical database manazenient system. 


I cen understand the features of a management information system (MIS). 


I can understand how a MIS can be used by orgauisations. 
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vidéo editing 
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By the end of this chapter, you will be able to: 


edit a video clip to meet the requirements of its intended applicetcn and audience 

know and understand how and why typical features found in video editing software are used 
know and unaerstand the effects of different methods of compression on video 

edit a scund clip to meet the requirements of its intended application and audience 

know and understand how and why typical featuuies found in sound editing software are used 
know and understand why file size depends on sampling rate and sampling resolution 


know and understand the effects of different methods of compression on sound. 
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Introduction 


Sound and video editing skills are increasingly desirable 
for the individual and businesses. 


Some people find that they can make money to 
supplement their income by creating high-quality videos 
about anything from video games to makeup tutorials. 
There are also internet stars who build a whole business 
around their video channels and rely on their video 
editing skills. There are also people who do the same 
using podcasts and rely on their sound editing skills. 


Many businesses also use the media of video and 
sound to market their product or service. They hire 
whole teams of people to use their video and sound 
editing skills to ensure they produce high quality 
marketing media. 


The ability to create high-quality videos and sound files 
is much dependent on creativity and accuracy. Creativity 
allows you to produce unique media that is attractive to 
the intended audience. Accuracy ensures that the media 
meets any given brief for the media, and that a refined 
product is produced. 


Editing video and sound files can be a lot of fun. You 
will find that out as you progress through this chapter. 
You will begin by editing video clips to create a video, 
you will then edit sound clips to create a soundtrack that 
you will add to your video. 


11.1 Video editing 

Video editing is the manipulation and organisation of 
video clips. Video editing software is used to do this. 
Before the development of video editing software, the 
only way to edit videos was to physically cut and stick 
the analogue tape that the video had been recorded on. 


KEY WORD 


clip: a short piece of a video or audio file 


Figure 11.1: Cutting and sticking film. 


There are a wealth of skills that you can learn to edit 
videos. This chapter will cover many of them. You will 
read about the skill, why it is used and how to use it, 
then you will complete practical activities to practise 
using the skill. 


You may be using different video editing software 

to that used in this chapter. However, you will find 
that most video editing software has similar features 
that can be used in simiiar ways. This may mean you 
need to search the menus of your software to find an 
equivalent feature. 


Setting the aspect ratio and 
resolution 


The aspect ratio of a video refers to the size proportions 
of a video. It is the ratio of the width of an image in 
comparison to the height. Choosing the right aspect 
ratio for your video is important. Deciding which is the 
right aspect ratio will depend on the platform on which 
the video will be played. The two most common aspect 
ratios are 4:3 and 16:9. 


The aspect ratio 4:3 is an older, traditional ratio 
for videos. It comes from the shape of a frame on a 
traditional film strip. 
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KEYWORDS, AN 


aspect ratio: the proportion of a screen or video 
width to its height 


frame: a single image in a video file 


Figure 11.2: Film strip frame. 


It is the ratio used for most old film and television 
programmes. For many years, people were happy 
viewing videos in this ratio, until the development of 
wide screen. When videos using the 4:3 ratio were played 
on widescreen televisions, the image became distorted 
because the picture was stretched to fit the screen. This 
led to the creation of the 16:9 ratio. 


The aspect ratio 16:9 is used for almost every digital 
media today. Film, television and online video platforms 
mostly use this ratio, so it is often the most suitable ratio 
to set when creating a video. Video developers in the 
1980’s decided that this would be the industry standard. 


Here is a comparison of the different ratios: 


Figure 11.3: Comparison of aspect ratios. 


A resolution can also be set for a video. The resolution 

is the number of pixels in width compared to the 
number of pixels in height. A resolution of 1920 x 1080 
would mean that each frame of the video has 2 073 600 
pixels. Different platforms require different resolutions, 
depending how large the image will be when displayed 
and the quality required. 1920 x 1080 is the industry 
standard for high definition. The resolution for standard 
definition is 640 x 360. 


resolution: the number of pixels per 


‘measurement’ an image or a single frame in a 
video contains (for example, dots per inch) 


Questions 
1 Find out what the resolution is for 4K. 


2 Find out why black bars are sometimes added to 
the top or sides of a video. 


Setting the aspect ratio and resolution of a video can be 
done when setting up the video for editing. It can also 
be set or changed when rendering a video file when the 
editing process is completed. 


The software this chapter uses for video editing is 
Davinci Resolve. This is a powerful video editing 
software that has a wealth of different features that you 
will learn to use. 


The aspect ratio and resolution settings are combined in 
this software. You can select a pre-set aspect ratio, where 
you can then change the resolution is required. 


To open the menu for aspect ratio you need to click the 


smal! settings icon (cog) in the bottom right corner. 


You can select one of the settings from the drop-down 
menu at the top. This will also provide a resolution for 
the video in the boxes below. You can manually change 
the resolution in these boxes, if required. 
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PRACTICAL ACTIVI 


Open your video editing software. Save the 
file for the video that you will create with the 
filename BeeProject. 


Locate the aspect ratio and resolution settings. 
View the settings available in the timeline | 
resolution drop-down menu. 


For the activities in this book, you can leave the 


| setting at 1920 x 1080. 
Adding a title slide 


Title slides are a text-based slide that are used in videos. 
Text based slides can be used at various points in a video 
to provide written information for the viewer. This text- 
based information can be used for various reasons: 


e to introduce the viewer to the video 


e to clarify what the viewer will see, or has just seen, 
in a video 


e to provide relevant facts and figures 


e to provide information such as company 
contact details. 


To create a title slide you need to click the “Effects 
Library’ icon in the top left corner. This will open menus 
in the bottom left corner. Select the ‘Too!box’ option, 
then from this menu select the ‘Titles’ option. Locate the 
‘Text’ option in the panel to the nght. Click and hold 
this option and drag it right to the timeline. 


You can then double click the title slide in the timeline 
to edit it. This will open an editing panel for the slide at 
the right of the screen. Within this panel you can scroll 
down and there are options to change the font style, size, 
colour and alignment. 


To change the timing for the title slide, right click on the 
title slide in the timeline and a menu will appear. Select 
‘Change Clip Duration’ from the menu and a window 
will open that you can enter the duration you require for 
the title slide. 


Add a title slide to your video. Edit the 
text to read: 


Did you know that bees are very important to 
our world? 


Edit the slide by: 

e splitting the text across two lines 
e changing the font style to Courier 
e changing the font size to 80 

e changing the alignment to centre 


e changing the timing for the slide to three 
seconds. 


Keep the background colour as black and keep 
the text white. 


Importing a video 


To insert a video clip into your video, you will need to 
import the file into the software. To import a video file, 
select the ‘File’ option from the menu bar across the 
top of the screen. This will open a menu. Select ‘Import 
File’ from the menu and this will open a sub-menu. 
Select ‘Import Media’ from the sub-menu and this will 
open up your files. Locate and select your video file and 
click ‘Open’. 


The video will appear in the file panel in the top left 
corner. To insert the clip into the video, click and drag 
the video chp to the timeline. You can then move the 
video to where it is required by clicking and dragging it 
up or down the timeline. 


PRACTICAL ACTIVITY 11.03 


Import the video file 11.01 BeeFly.mov into the 


software. Insert the video into the timeline, next 
to the title slide. 
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Trimming a video clip 


Trimming a video clip is an essential skill. Most video 
clips are not likely to contain exactly what you require. 
The clip may have unnecessary content at the start or 
finish, and this ineans that it will need to be trimmed to 
remove this content. 


To trim a video clip, select the clip in the timeline and 
select the ‘Trim’ option in the menu bar at the top of 
the screen. Select the option “Trim Mode’ and this wiil 
enable you to trim the video clip. You can also select 
trim mode by clicking the second icon in the iool bar 
directly above the timeline. 


Move the cursor to the start or end of the video clip and 
it will change to become square brackets. Click and drag 
the video clip left or right to trim the content that you 
do not require in the video clip. 


You may need to play the clip first to note the timings 
for the content that you want to trim out of the video. 


If you want to trim content off the end of the clip, you 
can also righi click on the clip and use the ‘Change Clip 
Duration option’ from earlier. This will trim the content 
off the end of the clip to the timing that you enter. 


The software will remain in trim mode until you change 
ihe mode again. If you want to revert to normal mode, 
select the option ‘Normal Edit Mode’ from the ‘Trim’ 
menu, or click the first icon in the tool bar above 

the timeline. 


PRACTICAL ACTIVITY 11.04 


Trim the end of the BeeFly video clip to make it 
five seconds long. 


Adding captions and subtitles 


Captions and subtitles are text-based content that appear 
over the top of the video content. Captions can be used 
to provide further information about what is being shown 
in the video clip. Subtitles can be used to provide a text- 
based version of any dialogue that is being spoken in the 
video. This is useful for any viewers who may be deaf, 
allowing them to read any speech that occurs in the video. 
Subtitles can also be used to display the spoken content 
in a different language, allowing viewers of different 
languages to understand the speech in the video. Subtitles 
usually appear at the bottom of the video. 


Captions and subtitles are created by adding a text layer 
over the video. To add text to a video clip you need to use 
the same option that you used to add a title slide. This time, 
you need to drag the ‘Text’ option to be placed above the 
video clip that you want the text to appear on. This will 
create a second track in your video. You can then edit the 
text in the same way that you did for the title slide. 


You can place the text in the exact place that you want 
it on the video clip. To do this, forward the video to 

the clip with the text, so that you can see it in the video 
preview pane. A quick way to do this is to use the small, 
red arrow that appears at the top of the timeline. If you 
drag this left or right, it will allow you to move forward 
or backward through the video. To move the text, click 
on the text and a white box will appear around it. Click 
and hold in the centre of the box and you can drag the 
text to the place that you want it to appear. 


You can also add subtitles with a separate subtitle 
option. You will find this in the effects library under the 
titles section, right at the bottom. This will add a new 
track to your video that will display subtitles as text at 
the bottom of your video. 


PRACTICAL ACTIVITY 11.05 


Add a caption to the BeeFly video that 
displays the text: 


Bees are very important pollinators for fruits and 
vegetables. They help them grow! 


Edit the text so that is appears on three lines, 
with a font style courier, font size 60 and the 
colour is black. 


Move the caption so that it appears in the top 
left corner of the video. 
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Adding animations 


Animations can be vsed to create an attractive transition 
from one video clip to the next. This can help keep the 
attention of your audience and raise the quality of your 
video. However, used incorrectly, animations can be 
very distracting. Imagine watching a video and there is a 
long animation from one clip into the next, or different 
effects and animations have been added to so many 
different parts, they stop you being able to watch some 
of the content. Would that make you feel frustrated? 


KEY WORD 


transition: the method with which one video 
clip merges into a second clip 


The simplest animation that can be added between video 
clips is a fading effect. This is where the first clip will 
fade out at the end and the next clip will fade in at the 
beginning. This can help create a higher quality video as 
it looks more aitractive than one video clip stopping and 
the next abruptly starting. It helps blend the video clips 
together for a smoother viewing experience. 


It is simple to add a fade effect between videos. If you 
hover over the top corner of a video clip, with your 
cursor, you will see a small white box appear. If you 
click on this white box you can drag it left or right, into 
the video clip. You will see a timing box appear and the 
corner of the video will become shaded. The timing box 
shows how long the fade will be and the shaded area 
shows when the fade will start and finish in the video. 

If you apply this to the top right corner of the video 
clip, this will create a fade in effect. If you apply it to the 
top left corner of the video clip, this will create a fade 
out effect. 


Figure 11.5: Adding a fade effect. 
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You can add different animations between videos 
using the effects library. Select the ‘Effects Library’ 
and select the option for ‘Video Transitions’. Several 
different transitions will appear in the panel. To add an 
animation, click the animation and drag it to the video 
clip that you want to apply it to. 


PRACTICAL ACTIVITY 11.06 


Import the video clip BeeFlower 11.02 
BeeFlower.mov and insert it into your timeline, 
after the BeeFly video clip. 


Fade out the BeeFly video clip for one second. 
Fade in the BeeFlower video clip for one second. 


Add the animation ‘Additive Dissolve’ to the 
beginning of the BeeFly video clip. 


Add text to the BeeFlower video that displays: 


Honey bees must gather nectar from 
approximately 4 million flowers 


Format the text to match the BeeFly video clip. 
Display the text for three seconds. 


Add a second text box to the BeeFlower video 
that displays: 


just to make one kilogram of honey. 


Format the text to match the previous text, but 
with a size of 80 


Place this text in the centre of the video clip. 
Display the text for three seconds. 


Create a 0.2 second fade out of the first text and 
a 0.2 second fade in of the second text 


Trim the video clip to be six seconds. 


Zooming and panning 


Zooming and panning are used often in video editing. 


Zooming is moving the camera closer to or further away 
from the whole or part of a video clip. You can zoom in 
or out of a video clip to highlight a certain part of it. 


Panning a video clip is when the camera moves across 
the video clip from one side to the other, or sometimes 
top to bottom, or vice-versa. 
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To zoom a video clip, you can use the zoom settings in 
the panel to the right side of the video viewing panel. 
Scroll this panel and you will find the zoom settings in 
the ‘Transform’ section. If you want to zoom in or out 
on the whole of a video clip, you can just increase or 
decrease the zoorn values. The simplest way to do this, is 
to click and hold in the ‘x’ value box, drag your mouse 
right to zoom in and left to zoom out. 


If you want to create a zoom on part of a video clip, you 
wil need to use the key frame feature. You will need to 
set a key frame at the point you want the zoom to start, 
and at the point you want it to stop. 


e To create a key frame, you will need to use the small 
diamond box to the right of the zoom values. 


e Move the red arrow above the timeline, to the point 
in the video that you want the zoom to begin and 
click the small diamond. It will turn red. 


e Move the red arrow io the point that to want the 
zoom to stop and click the small diamond to make 
it red again. This will add two key frames to the 
video clip. 

e At the second key frame, zoom the video clip in or 
out to the point required. 


If you play the video, you will see that the zoom wili 
begin at the first key frame and end with the required 
zoom amount at the second key frame. 


Figure 11.6: Zooming and panning. 


fo pan a video clip, you follow very similar instructions 
to zooming. Instead of using the zooming values, you 
use the position values. You also need to change the 
position values if you want to change the position at 
which the zoom in placed. 


A 
Import the video clip 11.03 BeeHoneycomb.mov 


and insert it into your timeline, after the 
BeeFlower video clip. 


Trim the clip to eight seconds. 


Create a zoom in effect on the honeycomb in the 
video, starting five seconds into the video clip 
and finishing at the end of the clip. 


Add text to the clip to display: 

Honey bees live in hives 

Format the text to match the previous text. 
Place it in the top right corner of the video clip. 
Display the text for three seconds. 

Add further text to the clip to display: 


They create honeycomb by making wax, to store 
their honey 


Format the text to match the previous text. 


Place it in the bottom right corner of the 
video clip. 


Display the text for five seconds. 


Create a 0.2 second fade out and fade in 
between the two text elements. 


Altering speed 


When creating a video, you may find that you want to 
alter the speed of a video clip. You may have a video 
clip that you want to slow down. This could be because 
you want to make it clearer and easier to see what is 
happening in the video clip. It may also be because 
creating a slow-motion effect in a video can often make 
it more entertaining. You may find that you want to 
speed up a video clip. This could be because you have 
quite a long clip, that you do not want to trim, as all of 
the content is important, but you just want to speed it 
up so that it can be all shown in a quicker time. It may 
also be that creating a sped up effect in a video can also 
make it more entertaining. 


To alter the speed of a video clip, right click on the video 
clip in the timeline and select the option ‘Change Clip 
Speed’ from the menu. This opens a window that allows you 
to alter the speed of the clip. The clip is set at 100% speed. 
Increasing this percentage will speed up the clip, decreasing 
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this percentage will slow down the clip. You will notice that 
the ‘Frames per Second’ setting will automatically change 
when you alter the percentage. It is the number of frames 
per second that are used that sets the speed of the clip. 

The more frames per second there are, the faster the clip 
will play. You can also change this value, rather than the Trim the clip so that it is also five seconds long. 
percentage, to speed up or slow down the clip. Join the first and second BeeFlySlow video 
clips together. 


ACTIVITY 11.09 


Insert another copy of the BeeFlySlow clip into 
your timeline, after the previous copy. 


Add the video transition ‘Smooth Cut’ to the 
beginning of the second BeeFlySlow video clip. 


Add a one second fade out and fade in effect 
between the BeeHoneycomb and BeeFlySlow 
video clips. 


If you play the video now, you will see that a smooth 
transition is created between the two BeeFlySlow 
clips, the first playing at double speed, then smoothly 
transitioning into the normal speed. 


Figure 11.7: Changing clip speed. 


v 


PRACTICAL ACTIVITY 11.10 


@ 
PRACTICAL ACTIVITY 11.08 


Add text to the BeeFlySlow video clip to display: 
Import the video clip 11.04 BeeFlySlow.mov | 
and insert it into your timeline after the 

BeeHoneycomb video clip. Set a suitable format for the text. 


Trim the clip so that it is five seconds long. Set the timing for three seconds. 
| Alter the speed of the clip to 200%. Add further text to the BeeFlySlow video clip 
aà to display: 


Without them we'll !ose products such as honey, 


Joining video clins coffee and many fruits and vegetables. 


Set a suitab!e format for the text. 


We need to take care of our bees. 


When you are editing video clips, you may want to join 
them together. This is useful as it means that if you Set the timing for seven seconds. 
apply any kind of effect or animation, it will be applied 
to the whole clip. If two clips are joined together, they 
will be treated as a whole clip. It also means that you can 


Create a smooth transition effect between the 
two text elements. 


create a smooth transition between the clips to make it Add a text-based slide to the end of the video 
look like they appear as one. to display: 

To join two video clips together you need to select both of To find out more about bees visit the website 
the clips. Select the first clip and press and hold shift, then [Insert a suitable website here] 


select the next clip. This will allow you to select both clips. 
When you have both clips selected, select the “Vimeline’ 
option from the menu bar at the top of the screen. From 
the timeline menu, select the option ‘Join Clips’. This will Format the text to be yellow this time. 
join the clips together. If you try and move the clips now 
you will see that they both move together. 


D 


Find a suitable website about the importance of 
bees to use in your video. 


Set the timing for five seconds. 
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Extracting a stili image 


A video may have a certain small part of it that you 
think would be a reaily good still image to have. A still 
image is just like a normal image. It is extracting one 
frame from the video that is a single image. 


You may want to use this image in the video to highlight 
this particular part and allow it to be displayed on 
screen for a few seconds. You may want to use the image 
as a background for certain text in your video. 


To extract a still image from a video, you wil! need to 
use a different section in the software, the ‘Coiour’ 
section. At the bottom of the screen you will see various 
sections of the software. You have been working in the 
‘Edit’ section. You need to click on the ‘Colour’ section, 
this will open a new panel, where you will see the video 
clips that you have used. 


Click the video that you want to extract the still from. 
Wind the video to the piace that you want to extract 
the still image, using the scroll bar at the bottom of the 
preview pane. Right click on the video in the preview 
pane and select the option ‘Grab Still’. This will extract 
a still image of the video at this point. You will see this 
image appear in the panel on the left. Right click the 
still image and export it. You can choose various file 
options to export the file. You can return to the ‘Edit’ 
section of the software and import the still image to use 
in your video. 


Figure 11.8: Extracting a still image. 


A 
Extract a still image from the BeeFlySlow video. 


Make sure that no text is showing on the image 
when you extract it. 


Export the image as a TIFF file. 


Import the image and add it to the end of 
your video. 


Once you have inserted the image still into your video, 
you can crop it in the same way that you crop a video clip, 
by adjusting the cropping values in the window on the 
right of the screen. 


You can also resize the image if required. To resize the 
image, click the settings cog in the bottom right corner 

of the screen. This will open the window that you used 
initially to set the resolution of the video. Click the option 
in the window labelled ‘Image scaling’. This will show some 
options for changing the size of the image. The image size 
will be automatically set to match the timeline settings. You 
can see this box ticked in the bottom half of the window. 

If you untick this box, you can use the boxes below this to 
type in the size that you want the image to be changed to. 


Using filters 


Filters can be used on both videos and images to change 
the look and feel of them. They may be used to correct 
the colour of an image or to change the feel and look of 
a video or an image. 


To add a filter, !ocate the filters section. This can be 
found in the effects library under the option ‘Open FX’ 
and ‘Filters’. Select the filter and drag it to the video or 
image on the timeline that you want to filter. 


“PRACTICAL ACTIVITY 11.12 


Add the ‘Box Blur’ filter to the still image that 
you added to the end of your video. 


Removing sound 


You may have sound on a video clip that you do not 
want. This may be because you intend to put a different 
sound file with thai video clip, or just that you don’t 
want any sound on that part of the video. 
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To remove sound from a video you need to first unlink 
the soundtrack from the video track. To unlink the 
soundtrack, click the video clip and you will see a red box 
appear around both the video clip and the soundtrack. 
The soundtrack appears underneath the video clip. Right 
click on the video clip and select the option ‘Link Clips’. 
This will untick this option and unlink the soundtrack 
from the video clip. Click off the video clip and then click 
just the soundtrack. Make sure the red highlight box is 
only around the sound track this time. Right click on the 
soundtrack and select the option ‘Delete Selected’. This 
will remove the soundtrack from the video clip. 
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Figure 11.9: Deleting a sound track. 


PRACTICAL ACTIVITY 11.13 


Remove any sound from the video clips in 
your video. 


Adding credits 


Credits normally appear at the end of a video and are 
used to display information about the creation of the 
video. They are used to show information such as who 
created the video, who produced it, who directed, who 
wrote the script, and they are also used to give credit 

to authors of any material that may have been used in 
the video, for copyright reasons. The text for credits is 
normally set to scroll up the screen from bottom to top. 


The option to add credits to a video is in the effects 
library, under the option ‘Titles’. Before, you have 
selected the ‘Text’ option in this section, but to create 
credits, you need to select the ‘Scroll’ option. Drag the 
‘Scroll’ option to the timeline to the piace that you want 
to add the credits. This will create a text box, as before, 
and you can edit the text in the same way. 


2 


Add suitable credits to your video that will be 


dispiayed over the still image that you inserted at 
the end of your video. 


You are starting to have the makings of an excellent 
video editing project! 


Exporting a video clip 


You need to export your video clip to a suitable file 
format for the platform on which it will mostly be 
played. Most people will choose a universal file format 
to allow the video to be played on many devices, using 
different software. At present, the only people that 
would be able to play your video file is those that have 
the software used to create it. This is because it is saved 
in a particular file format for that software. 


When you export a video, it combines all the elements 
in the video together and changes them into the format 
that you have selected. 


You will need to select different formats depending on 
whether the video will be used on platforms such as 
websites, or a large screen television. Except fora RAW 
file format, that will save the ‘raw’ data in the file, each 
file format will compress the file using either a lossy or 
lossless compression method. 


compression: reducing the size of a file, for 
example, an image 


Lossy compression will remove unnecessary data from the 
video file to make the file size smaller. Lossy will slightly 
affect the quality of the video file, but most of this will go 
unseen or unheard by the average human eyes and ears. 


Lossless compression will not remove any data in the 
compression process and will allow the original data file 
to be reinstated. This means the original quality of the 
video will be retained. Lossless compression can work 
in various ways. One method is for the compression 
software to identify repeating patterns in the file and 
group them, often using an index. 


The type of file format you choose for a video file will 
depend on how important the quality of the video is, 
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11 Sound and video editing 


how big the file size can realistically be for the platform 
and the type of platform it will be played on. 


If you wanted to export the video in a lossless format, as 
you want to play it on a larger screen at full quality, you 
may choose a file format such as MOV or AVI. If you 
want to export the file in a lossy format as the quality of 
it isn’t essential, but you need the file size to be smaller, 
you may choose a file format such as MP4. 


If you wanted your video to be displayed on a website, 
you need to choose a file format that is suitable 
tor the web. 


Questions 
3 Find out which video file formats are suitable 
for the web. 


4 Find out whether the file formats for the web use 
lossy or lossless compression. 


To export your video, you will first need to render it. 
Rendering a video is where your computer processes 

all the data that you have included in your video and 
changes it to the format you require, to create your 
video file. Rendering a video can be one of the most 
demanding jobs for a computer and often takes a lot of 
processing power. 


To render your video, you need to use a different section 
of the software again, the ‘Deliver’ section. Click the 
‘Deliver’ section at the bottom of the screen and a new 
panel will open. 


You will see a panel at the top left of the screen that 
you will use to select the options for rendering. Make 
sure that the ‘Custom’ option and ‘Video’ section are 
selected. You need to enter a suitable file name and 
choose a suitable location to save the file. 


You will need to scroll down to find the ‘Format’ drop 
down box. Click this drop down and you will see several 
different formats that you can select for your video. 
Once you have selected a suitable file format, click ‘Add 
to Render Queue’. This adds the file to your render 
queue which appears at the right side of the screen. 
When you are ready to render your video, you need to 
click ‘Start Render’. You will see the software start to 
work through the video and render it. 


You can now go to the location that you chose to render 
your video and play the video file. 


Export your video in a file format that is lossless. 


Export your video in a file format that is suitable 
for the web. 


You should practice always saving a copy of 
the file in a generic file format as well as in the 
proprietary software format. 


11.2 Sound editing 


Sound editing is the manipulation and organisation of 
sound chips. Sound editing software is used to do this. 
Before ihe development of sound editing software, the only 
way to edit sound was also to physically cut and stick 
the analogue tape that the sound had been recorded on. 


Figure 11.10: Analogue audio tape. 


There are a wealth of skills that you can learn to edit 
sound files. This chapter will cover many of them. You 
will read about the skill, why it is used, how to use it, 
then you will complete practical activities to practise 
using the skill. 


You may find that you are using different sound editing 
software to that used in this chapter. However, you 

will find that most sound editing software has similar 
features that can be used in similar ways. This may mean 
you need to search the menus of your software to find 
an equivalent feature. 
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The software this chapter uses for sound editing is 
Audacity. This is a widely used sound editing software that 
has a wealth of different features that you will learn to use. 


Importing a sound file 


To have sound to edit, you need to import a sound file. 
You will probably need to import multiple sound files 
into the software throughout a sound editing project. 
Fach time you import a sound file it will be imported in 
a new track. A track in the software is a layer of sound. 
When multiple tracks are layered together this means 
that different sound files can be played at the same time. 


KEY WORD 


track: a specific recording, for example, of 


one instrument or voice — the tracks can then 
be edited separately and combined to play 
concurrently 


To import a sound file, select the ‘File’ option in the 
menu bar at the top of the screen. It is the first option in 
the iop left corner. This will open another menu, select 
‘Import’ and ‘Audio’. Find the audio file that you want 
to import and select ‘Open’. You will now see the sound 
file imported into a track in the software. 


wpe mr e e eet 


Figure 11.11: Imported sound tracks. 


PRACTICAL ACTIVITY 11.16 


Import the sound file 11.05 Piano_track.mp3. 


Trimming a sound clip 


Trimming a sound clip is an essential skill. Most sound 
clips are not likely to contain exactly what you require. 
The clip may have unnecessary content at the start or 
finish, and this means it will need to be trimmed to 
remove this content. You may also need to trim a sound 
clip to make it match the timing of a video that you 
intend to add the sound to. 


To trim a sound clip, you need to select the part of 

the clip that you want to remove. To begin to select 

the sound clip you will need to make sure that you 

have the selection tool selected. This is the tool that is 
automatically selected when you open the software, but 
to make sure it is the tool that you have selected, you can 
find it on the tool bar located at the top of the screen 

in the centre. The selection tool looks like an uppercase 
I. Once the selection tool is selected, move your cursor 
to the point in the sound clip that you want to remove. 
Click and hold the left mouse bottom and drag the 
cursor along the sound clip to highlight the part of the 
clip that you want to remove. You will see that it has 
been highlighted in a blue-grey colour. Click the cut tool, 
that looks like a pair of scissors in the tool bar, and the 
highlighted section of the sound clip will be removed. 
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Figure 11.12: Selecting part of a track. 


PRACTICAL ACTIVITY 11.17 


Check the timing of your BeeProject video. 
You should find that it is approximately 41 
seconds long. 


Trim the sound clip to match the length of 
your video. 
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Splicing and joining sound 
clips 

Splicing a sound clip is cutting it up into different parts 
so that you can use what you require of the different 
parts. You can then join the parts that you require, to 
edit the sound clip that you are working on. This helps 
cut out parts of the clip in the middle that you may 
not want, and to join the parts that you do want. You 
may find that you like the start of the sound clip and a 
certain part in the middle. You can use editing tools to 
help you first select the middle section you require and 
copy that, trim the clip to the part that you liked at the 
start, then paste the middle section into the track that 
was copied, to join the parts of the clip you require. 


To splice a clip, highlight the part of the clip that you 
require and select the copy tool from the toolbar. This 
looks like two pieces of paper layered. You can also use 
the keyboard shortcut, Ctrl + C. 


video clips 


‘Lo paste the copy that you have made of the clip, move 
the cursor to the place in the track that you want to add 
the copied clip and click the paste tool in the tool bar. 
This looks like a clipboard. The copied clip section will 
then be pasted. 


PRACTICAL ACTIVITY 


Import a copy of 11.5 Piano_Track.mp3. You will 
see this has imported as a second track under 


the one you already have. At approximately 39 
seconds into tne sound clip, you should see the 
sound wave section that looks like this: 
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Figure 11.13: Piano_Track at approximately 
39 seconds. 


Highlight this section of the clip and copy it. 
Paste this section of the clip into your first 
soundirack at the 16 second point. 


Delete the second soundtrack that you imported. 
You no longer need it. 


You should now have a sound clip that is 
approximately 50 seconds long. Trim the 
end of the clip again to the correct length for 
your video. 


Fading in and fading out a 
sound clip 


If a sound clip suddenly starts or suddenly stops, it can 
seem quite a harsh entrance or exit for the sound. This 
may be the effect that you require if you are trying to 
make a loud and exciting impact for your sound file. 
However, you may want to create a softer, more gentle 
eutrance and exit for your sound file, this can be done by 
fading in and fading out the sound clip. 


To add a fade effect to the sound clip, highlight the part 
of the clip that you want to fade in or out. Select the 
‘Effect’ option in the tool bar at the top of the screen. 
This will open a large menu. To fade the sound in, select 
the ‘Fade In’ option, or to fade the sound out, select the 
‘Fade Out’ option. 
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a, a i E T wy! 


Add a fade out effect to the last five seconds of 
your sound clip. 


Changing the pitch of a 
sound clip 


All sound is made by vibrations of particles. The faster 
they vibrate, the higher the pitch of the sound. The pitch 
of a sound is a measure of the sound frequency. The 
higher the frequency, the higher the pitch of the sound. 


vo 


Figure 11.15: Example of high pitch sound wave. 


Figure 11.16: Example of low pitch sound wave. 
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You may find that a certain sound or sound clip is too 
high or too low. You can change the pitch of a sound 
clip to make it the pitch that you require. 


To change the pitch of a sound clip, select the ‘Effects’ 
option in the menu bar at the top of the screen. Select 
the option ‘Change Pitch’ from the menu. You can 
change the pitch in two ways, by changing the key of 
the sound clip, or changing the frequency of the sound. 
You can use the key if you know that the music is played 
in a certain key and you need it in a different key. For 
example, the music is recorded in the key of A Major, 
but you want to change it to the key of C Major. If 

you are not a musical person, the key of music may 

not be familiar to you, therefore, a better option to 

use is changing the frequency values. The simplest way 
to do this is to use ihe blue arrow on the sliding bar 
underneath the frequency values. You can slide this right 
or left to make the pitch higher or lower, respectively. 


CTICAL ACTIVITY 11.20 


Import the sound clip 11.06 Bee_Voiceover.mp3 
and move it to be played at the end, so that it 
finishes at the same time as the piano music. 


[Hint: You can use the ‘Time Shift Tool’ in the tool 
bar to move a section of sound.] 


Lower the pitch of the voiceover by 5%. 


Adding or adjusting 
reverberation 


Reyerberatiea is a very old and traditional effect that 

is used with sound. It is an effect on the sound that is 
used to make it sound like it is being played in a larger 
room. If you play sound in a larger room, the acoustics 
of the room often change the sound, creating a slight 
echo effect. It can be used to create a fuller and softer 
feel to sound. 


reverberation: the number of echoes of 
the sound and the way that they decay — 


reverberation can be natural (caused by 
the room in which the sound is played) or 
introduced by editing software 
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To add reverberation to a sound clip, highlight the 
sound clip and select the ‘Effects’ option from the menu 
bar at the top of the screen. Select the option ‘Reverb’. 
There are several valucs that can be used to change the 
reverberation, but the simplest value to change is the 
‘Reverberance’ value. Increase it to add reverberance 
and decrease ii to remove reverberance. 
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PRA) 
AS 
| Increase the reverberance by 10% for the 
Bee_Voiceover. 


Overdubbing a sound clip 


Overdubbing is when sound is iayered so that each layer 
can be individually edited. When songs are recorded by 
professional music artists, overdubbing is used. Each 
musical instrument wil] be recorded on its own, so that 
it can be imported into its own track. The vocals will 
also be recorded on their own and imported into their 
own track. All the tracks are then layered to create 

the song. The benefit is that each layer can be edited 
independently of each other, to get the exact sound 
required for the song. 


The addition of the Bee_Voiceover clip to your 
sound file in the previous activities is an exaropie of 
overdubbing. 


PRACTICAL ACTIVITY 11.22% 


Write a five second intro to your bee video. 


Record your intro and import it into the software, 
overdubbing the piano music at the start. 


Adding echo and delay to a 
sound clip 


An echo is a reflection of the original sound, with 

a slight delay. This can often result in the original 
sound heard, then the echo heard slightly afterwards. 

It is caused by sound waves being reflected back off 
obstructions, such as walls. Adding an echo to sound 
can make it sound more distinctive. This is useful if you 
want a particular sound to be heard. 


To add an echo to your sound clip, highlight the sound 
clip and select the ‘Effects’ option from the menu bar 
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at the top of the screen. Select the option ‘Echo’. There 
are two values that you need to consider for your echo. 
The first is the delay value and the second is the decay 
value. The delay represents how long it will take to echo 
the sound and the decay value represents how much the 
echo will fade. 


An echo effect can also be created using a different 
option in the ‘Effects’ menu. This is the ‘Delay’ option. 
This option can be used to create multiple echoes of the 
sound and change how the sound is echoed. There are 
three types of delay options you can choose. These are: 
regular, bouncing ball and reverse bouncing ball. These 
three options can be found in the drop down menu at 
the top of the window that opens when you select the 
‘Delay’ option from the ‘Effects’ menu. 


A regular delay wi!! set a fixed time between each delay, 
a bouncing bali delay will make the echoes increasingly 
closer together and the reverse bouncing ball will make 
the echoes increasingly further apart. You can also set 
the number of times that you want the sound to echo. 


Add an echo to your voiceover intro. Set the 
delay to 0.5 seconds and the decay to 0.5. 


Applying noise reduction to a 
sound clip 


Sometimes when audio is recorded there can be 
unwanted background noise that gets recorded too. 
This could simply be a low hum of any other equipment 
being used, or a soft hissing noise that can sometimes 
occur on recordings. It is possible to remove this kind of 
background noise using a setting called noise reduction. 
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To apply noise reduction, select a part of the track 

that contains just the background noise only that you 
want to reduce. This will allow the software to gain an 
understanding of what you want to reduce. Select the 
‘Effects’ option from the menu bar at the top of the screen. 
Select the option “Noise reduction’. Click the option to 
‘Get noise profile’. This will allow the software to analyse 
the noise in that part of the track. You can then select the 
whole irack and use the Noise reduction setting again, but 
this time by clicking’ OK’ rather than ‘Get noise profile’. 
This will apply the profile created of the background noise 
to the whole track and reduce it throughout. 


If you have any unwanted background noise in your 
recording of your intro for the video, you could try and 
remove it with noise reduction. 


Applying Equalisation 

Equalisation is the boosting or reducing of different 
frequencies in sound. The most common application of 
equalisation in everyday sound equipment is the ability 
to control the level of bass or treble on a sound system. 


When used in sound editing, equalisation can also 
be used for this purpose and it can also be used to 
make certain sounds less prominent or eliminate 
unwanted sounds. 


To apply equalisation to your soundtrack, select the 
section of sound that you want to alter. Then click the 
‘Effect’ option on the top tool bar and select the option 
‘Equalization’. You will see a window open that looks 
like a graph. 


Select the drop-down menu labelled ‘Select Curve’. 

In this drop-down menu, you will see several different 
options. Each of these options will change the curve 
on the graph, altering the frequency of the sound, 

by adding or removing certain aspects to or from it. 
For example, the bass boost option will add more 
bass to the sound by increasing the lower frequencies. 
Another example is the treble cut. Treble refers to the 
higher frequencies in the sound, so this will cut all the 
higher frequencies out of the sound. Other options 
such as Telephone and Walkie-Talkie will change the 
frequencies of the sound to make it sound like it is being 
played through that equipment. 
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Figure 11.18: Applying a pre-set effect. 


These options are pre-set options, but you can manually 
adjust the frequencies yourself to alter the sound. Click 
the radio button next to “EQ Type’ to select the option 
‘Graphic’. This will change the window to include a 
range of sliders that can be used to alter the different 
frequencies. Remember, if you alter the lower frequencies, 
this wiil alter the lower more bass tones in the sound, 

It you alter the higher frequencies, this will alter the 
high, more treble tones in the sound. The frequency 

on the graph is measured in Hertz (Hz) and it starts at 
approximately 20Hz at the lower frequencies and goes up 
to approximately 20000 Hz at the higher frequencies. 


Figure 11.19: Manually adjusting the sound. 


If you want to hear what the sound is like when you 
have moved some of these sliders, you can click the 
‘Preview’ button in the bottom left corner of the window 
to hear the changes. One of the most useful applications 
of equalisation is to the sound of a voice. You can use it 
to make the voice sound clearer and of the tone that you 
want for your spoken aspects. 


There are two other types of equalisation that you can 
apply, these are called high pass and low pass filters. 
A High-Pass filter is a type of equalisation effect that 
allows higher frequencies through, whilst cutting out 
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lower frequencies. The cut-off for lower frequencies can 
be set and applied to any sound selected for the filter. A 
Low-Pass filter works in a similar way, except it cuts the 
higher frequencies rather that the lower ones. The High- 
Pass filter and Low-Pass filter options can also be found 
in the ‘Effects’ menu. Once you have selected either 

the High-Pass or Low-Pass filter, you can type in the 
frequency value that you want to be the cut-off value. 


a a maa 


Figure 11.20: High-oass filter. 


wy, 
PRACTICAL ACTIVITY 11.24 


Seiect all or part of your voiceover. Try 
experimenting with the different pre-set effects 
such as Bass boost and Treble cut, and those 
such as Telephone and Walkie Talkie too. 


Select all or part of your voiceover and try 
adding a low pass filter and a high pass filter. 
Experiment with the different trequency cut-off 
values for each and create a sound for your voice 
that you are happy with for your voiceover. 


Changing the speed of a 
sound clip 


It’s possible to slow down or speed up a sound clip and 
there can be several advantages to this. Speeding up 

a sound clip can often have a very entertaining effect, 
especially if it is done with voices, as it can make them 
sound very squeaky. You may also need to speed up a 
sound clip to create a different effect with the music, for 
example, making it seem more upbeat. Slowing down a 
sound clip can also affect the feeling the sound creates, 

it could make it more relaxing. Musicians can often slow 
down a sound file when using it to practise a song. It can 


11 Sound and video editing 


allow them to get used to playing the song at a slower 
speed, before speeding up to play it at the correct speed. 


To change the speed of your sound clip, highlight the 
sound ciip and select the ‘Effects’ option from the menu 
bar at the top of the screen. Select the option ‘Change 
Speed’. The simplest way to change the speed is to use 
the blue arrow on the sliding bar underneath the speed 
values. You can slide this right or left to make the speed 
faster or slower, respectively. 


PRACTICAL ACTIVITY 11.25 


This is just a fun activity and not an effect that 
you are going to keep in your final sound file. 


Speed up your voiceover intro and listen to the 
effect it has on your voice. 


Remove this effect to return your intro to 
normal speed. 


Normalising a sound clip 


Sometimes when you take an audio recording, you play it 
back and find it is quieter than you had hoped for. There is 
a way to increase the volume of the recording, beyond just 
requiring the listener to turn the volume up. The setting that 
can be used to increase the volume is called normalisation. 


Normalisation analyses the audio recording. When 

it has finished analysing it, it measures the difference 
between the highest peak in the audio and the maximum 
decibel limit (often automatically set to 0 decibels). It 
then calculates the difference. So, if the highest peak is 
—20 decibels, the difference will be 20 decibels. When 

the sound file is normalised, all the audio in the file will 
be increased by 20 decibels, which will result in it being 
made louder. One problem to be aware of when using 
normalisation is called clipping. This is when sounds get 
so loud that they sound distorted. 


A setting that is often combined with normalisation is 

DC offset. When sound is recorded, it is desirable when 

it is played for it to centre vertically on 0.0. However, 
displacement can sometimes occur that can cause the 
recording to sit above or below 0.0. This too can cause 
distortion in the sound. This offset can simply occur when 
sound is converted from analogue to digital. Selecting the 
setting to remove DC offset will bring the recording back to 
vertical 0.0 and limit any distortion of the sound. 
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To normalise a sound clip, select the sound clip and choose 
the ‘Effects’ option from the menu bar at the top of the 
screen. Select the option ‘Normalize ’. This will open a 
window that will allow you to set the maximum amplitude 
(this shouldn’t be set higher than 0) and choose whether to 
remove the DC oifset. 


7 
PRACTICAL ACTIVITY 11.26 


This is just a fun activity and not an effect that 
you are going to keep in your final sound file. 


Try normalising all or part of your sound 

clip. Try setting the maximum amplitude to 

2 to experiment with what happens to the 
sound when you do. Try setting the maximum 
amplitude to -1 and see whet effect this has 
on the sound. Try doing each of those with and 
without DC offset. 


Remove any normalisation effects that you 
have added. 


Change a stereo sound clip to 
a mono sound clip 


You may notice that the piano sound clip in your sound file 
has two different tracks. This is because it is stereo. When a 
sound file is set to stereo, it has multiple tracks. These two 
tracks can be just a duplicate of each other, as they are in 
the piano sound clip. They can also have different content. 
If they do have different content, the different tracks can 
be set to play through different speakers in a sound system. 
This is very useful when trying to create a 3D effect in 
films, as different sound effects can be heard from different 
speakers, making it seem like the sound is coming from 
different places. A technical term for this type of sound 
system is surround sound. 


A sound clip can also be mono. This is when it has a 
single track, and when played through multiple speakers, 
they will all play the same track. 


stereo: a sound clip that has multiple tracks 


mono: a sound clip that has a single track 


To change a sound clip from stereo to mono, highlight 
the sound clip and select ‘Tracks’ from the menu bar at 
the top of the screen. Select the ‘Mix’ option, then ‘Mix 
Stereo Down to Mono’. 


-= fe be ie eS 
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Figure 11.21: Stereo. 


ipso pio Gea pasion 


Figure 11.22: The same sound clip in mono. 


Change the piano sound clip from 
stereo to mono. 


Sampling rate and resolution 


It is important to understand the concept of sample rate 
and sample resolution when recording sound files. They 
both affect the size of the sound file and the quality of 
the sound recording. 


sample rate: the number of times sound is 


sampled in a second 


samoie resolution: the number of bits that are 
used to represent each sound sample 


When recording sound, samples of the analogue sound 
are taken at set intervals. This is called sampling. The 
number of samples taken in a period of time is called 
the sample rate. Sample rate is measured in hertz (Hz). 
If one sample is taken per second, this would be a 
sample rate of 1 Hz. Most music recordings are taken 
at a sample rate of 44.1 kHz. This means the sound is 
sampled 44 100 times in a second. 


The effect of the sample rate can be seen by looking 
at a simple example of a sound wave representing 
analogue sound: 
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“a 
Draw your own sound wave example, like the one 
given. Record the sample value at each time sample. 
Draw the resulting sound wave that is recorded and 
compare this to your original sound wave. 


Double the amount of time sample taken of the 

b same sound wave. Draw the resulting sound wave 
that will now be recorded. Is this closer to the 
original than the first? 


Figure 11.23: Analogue sound wave. 


The sample of sound that is recorded at each time 
interval can be represented in a table: 


8512.5] 8 The sample resolution of a sound file is the number of 
bits there are per sample. Sample resolution is important 
2/314 when recording the different volumes of sound. A low 
sample resolution, for example, 4-bits, would limit the 
level of volume that could be recorded. A high sample 
If these sample values are then plotted on the same resolution, for example, 32-bits, would allow for a 
graph, this shows the difference in the initial sound, to very accurate recording, but the size of the file created 
the sound sampled. would be very large, so streaming could be affected by 


buffering, downloading could take a long time and it 
may affect your data allowance. The usual sampling 
resolution used for music files is 16-bit. 


The size of a sound file is dependent on the sample rate 
and sample resolution. The approximate size of a sound 
file can be calculated using: 


Sample rate x sample resolution x length of sound file 


Figure 11.24: Analogue sound wave with sampled sound 


Wave. Question 


5 a Calculate the size of a file in megabytes (MB) 
that is two minutes in length, has a sample rate 
of 44.1 kHz and a sample resolution of 16-bit. 


You can see that the sound wave differs significantly 
in places. This is because a sound sample wasn’t taken 
at that certain point, so the detail in that part of the 


T A b Compare the file size if the sample resolution 
analogue sound is missed 


is increased to 32-bits. 
If the sample rate was doubled in the given example, the 
resulting sound wave after sampling would be a closer 
representation of the initial analogue sound wave. This 
means that the quality of the recorded sound would be a 
truer representation of the analogue sound that is recorded 


As size is an important factor when streaming 
or downloading music, sound files are often 
compressed. 


It also means that the file would need to store twice as Exporti ng a Sou nd cl ! P 


many samples, so this will increase the size of the file. You need to export your sound clip to a suitable file 
format for the media on which it will be mostly played. 
Most people will choose a universal file format to allow 
the sound file to be played on many devices, using 
different software platforms. 


You will need to select different file formats depending 
on the type of media used to play the sound file, and 
the limitations of the file size required. Each file format 
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will compress the file using either a lossy or lossless 
compression method. 


Lossy compression will remove unnecessary data from 
the sound file to inake the file size smaller, for example, 
sound that may not be audible by the human ear. Lossy 
will slightly affect the quality of the sound file, but most 
of this will not be heard by the human ear. 


Lossiess compression will not remove any data in the 
compression process and will allow the original sound 
file to be reinstated. This means the original quality 
and accuracy of the sound will be retained. Lossless 
compression can work in various ways. One method is 
for repeated patterns in the sound file to be identified 
and grouped together to be stored. 


If you wanted to export the sound file in a lossless format, 
you may choose a file format such as FLAC. Lossless 
compression is often used for recording of live music, 
especially with orchestras. Vhis allows the listener to have 
the most accurate experience of the sound created. 


If you want to export the file in a lossy format as the 
accuracy and quality of it isn’t essential, but you need the 
file size to be smaller, you may choose a file format such 
as MP3. This type of compression is often used when 
streaming music, so that less bandwidth is required to 
streain the sound file. This makes the ability to stream the 
music accessible to more people, especially those that only 
have access to low bandwidth connections. It wouid also 
mean that those users streaming via a mobile connection 
would not use as much of their data allowance. 


When compression file formats such as MP4 are used, 
the compressed sound and video files are stored in a 
structure called a container. All the information needed 
for the sound or video is stored within the container. 
Other file formats that can operate as contains are AVI, 
MOV and WAV. The coutainer manages the packing of 
the compressed files, as well as the transportation and 
the presentation of them when the file is opened. 


To export your sound file, select ‘File’ from the menu 
bar at the top of the screen and select the option 
‘Export’. You will see several file formats that you can 
use for your sound file. Select a suitable format and give 
the sound file a suitable filename and location. 


PRACTICAL ACTIVITY 11.29 


Export your sound file in a file format that is lossy. 


Export your video in a file format that is lossless. 


n 


You should practice always saving a copy of 
the file in a generic file format as well as in the 
proprietary software format. 


The last task left to do is import your sound file into the 
video editing software and add it to your video file. Import 
the file in the same way that you imported the video clips. 
You can simply drag the file from the media section, to the 
timeline, when imported, to add it to your video. 


PRACTICAL ACTIVITY 11.30 


Export your BeeProject video with the sound and 
be proud of your sound and video editing skills! 


Who do you think the audience is for the 
video that you have created? 


What do you think the intended purpose is 
of the video that you have created? 
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EXAM-STYLE QUESS 


1 Define what is racant by the aspect ratio of a video. [1] 
2 State why a trimming tool would be used on a video clip. [1] 
3 Explain two advantages of using captions on a video clip. [2] 
4 Explain two advantages of using a lossy compression method on a video file. [2] 
5 Explain one disadvantage of using a lossless compression method on a sound file. [1] 
6 Explain what is meant by the sample rate of a sound file and how it affects the file size. [2] 


~ SUMMARY CHECKLIST 
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By the end of this chapter, you will be able to: 


ING INTENTIONS 


know and understand what is meant by an electronic currency, including: 
e different types 

e characteristics 

e advantages and disadventages 

e uses 

e impact and risks 


know and understand what is meant by data mining, includina: 
e processes ct data mining 

e uses 

e advantages and disadvantages 


know and understand what is meant by social networking, including: 


e types 
e uses 
e impact 


e advantages and disadvantages cf different types 


know and understand the impact of IT on a range of areas in society, including monitoring and 
surveillance 
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CONTINUED 


FORE YOU START 


Do you understand what is meant by information technology? 


Do you understand that technology is used extensively in many parts of our society? 


Do you understand that our data is valuable to companies and is used extensively to aid decision making 


in companies? 


Do you understand what is meant by social networking? 


Introduction 


IT has become an integral part of our society and some 


would argue that it is very difficult to imagine a society 


without it. It affects many aspects of our lives, including 


how we spend our money, how our data is stored 
and mined, how we communicate and how we iearn, 
amongst many other aspects. 


12.1 Electronic currency 


An electronic currency is a payment method that occurs 
in digital form. It does noi involve the exchange of 
physical currency, such as coins and bank notes. There 
are several types of electronic currency. These include: 
digital currency, virtual currency, cryptocurrency, 
central bank digital base money and stored value cards. 
These terms can sometimes be used interchangeably, 
but some information, for clarity, is given for each. The 
terms electronic currency and digital currency are often 
used interchangeably. 


KEY WORDS 


electronic currency: a payment method that 
occurs in a digital form 


Figure 12.1: Electronic payment. 


Digital currency 


A digital currency is a method of payment that is similar 
to paying with coins and bank notes. However, rather 
than exchanging physical bank notes and coins to make 
the payment, the currency is exchanged digitally using 
computers. There are several different forms of digital 
currency. The most popular are payments using credit 
cards, mobile phones and smart watches. A common 
reference for this kind of payment is that it is like having 
an electronic wallet. 


Credit cards can be used with card payment machines 
that will either allow the magnetic stripe to be swiped, 
the card to be inserted into the machine and the chip 

to be read, or touching the card to the computer using 
a method calied contactless payment. In all cases, data 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


that is stored on the card is read by the computer. This their mobile device to the card payment machine and the 
data will contain the information required to locate the app will provide the data to access the user’s bank account, 
user’s bank account. The business can then request that in a similar way to the credit card method. 


the correct sum of money is deducted from the user’s 
bank account and sent to the business’s account. 


~ 


FLECTION 
Another form of digital currency that is similar to a credit 
card is a stored value card. This is a type of card that has Imagine a world where physical currency doesn't 
a set amount of currency stored on it, for example, $100. exist, and all payment transactions are digital. In 
The card can be used to pay for items and the value stored what way do you think the world would change? 
on the card will decrease until it reaches 0. Banks often Do you think it would have a positive or a 


provide the cards to people who are not able to have a negative impact? Give a reason for your answer. 
credit card due to issues such as credit rating. There are two 
kinds of stored value card. The first is the closed-loop card. 2 
This is where a monetary value can only be loaded onto it Virtu al currence 
once, and it is discarded when all the money is spent. The 
second is the open-loop card. This is where a monetary 
value can be repeatedly loaded onto the card. 


Virtual currency is also a type of digital currency. 
However, unlike the digital currencies discussed, 
which are centralised systems, virtual currency is a 


Mobile phones and smart watches can be used in a similar decentralised system. In simple terms, a centralised 
way to the contactless payment that can be made with system is one that has a central body that is managing 
credit cards. A user can install an app onto their mobile and regulating the use of the currency. In most cases 
device that acts as a digital credit card. Examples of this this is the government and banks. A decentralised 
would be Apple Pay and Google Pay®. The user can touch system is therefore one that does not have a central 


«© 


A person doesn’t need to carry physical money around, There is often a monetary limit on contactless 
which could be easily lost. payments. 


If a card or mobile device is lost, the user can contact their | As data is sent electronically, there is always the 
bank to stop any monetary transactions from the card or risk that the transactions could be hacked. 
device. 


All transactions are completed using encrypted methods, so | Some people are anxious about the thought of 
data is sent securely. contactless payments, believing that they could 
walk near a payment machine and money could 
be deducted from their account. 


The use of contactless payments can speed up payment for | Some may think that people can lose track of 
products and services. their spending as they are not handing over 
| physical money for the transaction. 


If a user is in a different country, they don’t need to have the | If a card or device is lost, it is possible for another 


physical currency of that country available in their wallet. person to use it for contactless payments, before 
They can use a digital method and the banks involved will the user has chance to cancel it. 

electronically change the transaction from one currency to 

the other. 


The user doesn't necessarily need to remember their PIN 
number each time, if they are using contactless payments 
methods. 


The use of payment methods, such as stored value cards, 
can prevent a person from getting into debt, as they can 
only spend the set amount that is stored on the card. 


Table 12.1: Advantages and disadvantages of digital currency. 
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body managing the process. The most common way These cryptocurrencies are also a type of peer-to-peer 
to manage transactions with a decentralised system is electronic monetary system. This type of payment 
through the use of a ledger, for example, blockchain. system is designed to allow peers to send electronic 


payment to each other without the need for it going via 
a central body, such as a financial institution. 


PRACTICA 


ô 


Use the internet to research what blockchain 
is and how it is used to monitor payments ! 


The value of a cryptocurrency can often fluctuate a 
great deal. In 2011, 1 bitcoin was worth 1 US dollar. 


tram@actions. At the end of 2017, 1 bitcoin was worth close to 
| 20000 US dollars. In 2018, it fell again and was worth 
approximately 6000 US dollars. 


Virtual currency also differs from the digital currencies 


already discussed, in that it only exists within a PRACTICAL ACTIVITY 12.02 

virtual environment, and does not have a physical 

representation as bank notes and coins. An example of Use the internet to find out what 1 bitcoin is 
a virtual currency would be tokens that can be collected worth today in your country’s currency. 


or bought, for example, within a computer game, that 
allow players to buy different items within the game, 
such as new clothing or armour. The player can buy 

a certain number of tokens and use this as virtual 
currency in the game. For this reason, a virtual currency 
is normally speciiic to the particular game or application 
for which it was created, and cannot normally be traded 
anywhere else. 


EA 


lt can personalise a Is a decentralised 
game or application by | system, so has little 
making it fun to collect | regulation. 


and spend the specific 
virtual currency. 


Normally specific to the Figure 12.2: Bitcoin. 
| context for which it was 
| created and cannot be 

spent elsewhere. 


Many people use bitcoin to buy and sell products over 
the internet. Some support the use of a decentralised 
currency, as it allows people, especially businesses, to 
make payments that do not involve the usual charges 
that are applied by banks in a centralised system. 
Others have a more controversial stance on the use of 
a decentralised currency, as they believe it can allow a 
C ry ot ocurrency level of anonymity in payments, that means criminal 
activity is difficult to trace. 


Table 12.2: Advantages and disadvantages of virtual 
currency. 


The most well-known examples of cryptocurrencies 
are Bitcoin and LiteCoin. Some cryptocurrencies, like 
these, are tracked using systems such as blockchain. 
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The decentralised 
systems allows a level 
of anonymity that some 
believe encourages 
criminal activity and 
allows it to go untraced J 


The usual charges 
that can apply to 

bank transactions 
are not present for 
cryptocurrency. 


There have been a 
number of instances 
where businesses have 
been hacked and bitcoin 
has been stolen. As the 
system is decentralised, 
there is no bank to help 
resolve this kind of theft. 


Peonie are able to invest 
in bitcoin and possibly 
make money if they can 
sell it for a higher rate. 


It is very difficult to 
create counterfeit 
currency for a 
cryptocurrency, because 
of all the security it 
involves. 


Table 12.3: Advantages and disadvantages of 
cryptocurrency. 


The growth of cryptocurrency has proved troubling to 
banks around the world. Businesses have begun using 

it more, preferring the free nature of which they can 
exchange the currency. This is a threat to traditional 
banks offering traditional methods, because they rely on 
the fees generated and the cash input from businesses to 
survive. This has led to some banks considering creating 
their own cryptocurrency. 


What do you think about banks creating their 
own cryptocurrency? What advantages and 
disadvantages to you think this would create? 


Central bank digital base 
money 


Central bank digital base money (also known as central 
bank digital currency (CBDC)) is the digital form of 
what is known as fiat money. Fiat money is the currency 
that is the physical currency used in a country, that is 
issued by governments and banks. It is the bank notes 


and coins that you can use in payments every day. 
Creating digital fiat money in this way would mean that 
banks effectively create a digital currency. Each unit of 
currency in CBDC will act as an equivalent of a paper 
bank note. It will be similar to bank notes, in that it will 
have a serial number. There will also be distinguishable 
characteristics on the unit that will prevent fake units 
being created. 


Banks intend to use it as part of the controlled supply 
of currency by the central bank, and it will work 
alongside existing currency such as physical bank notes 
and coins. There are several banks around the world 
that are currently looking into the development and use 
of CBDC. These include The Bank of England, People’s 
Bank of China and the Bank of Canada. 


As no physical currency Some people like 

will need to be exchanged | the privacy of the 

between banks, the cost | anonymity that they 

of transactions will be can have with using 

reduced. physical currency. If a 
person pays with cash, 
there is no record of 
their details attached 
to that payment, by 
the bank. 


The banks’ ability to 
speed up the exchange 
of money will be greatly 
improved. 


Some believe that if 
physical currency became 
obsolete, in favour of 
CBDC, criminal acts such 
as money laundering 

and tax evasion would 
decrease, as these often 
rely on the use of physical 
currency. 


It costs money to produce 
physical currency, 
therefore if it ceased to 
exist, then these costs 
would be saved and 
could be invested into the 
security of a CBDC. 


Table 12.4: Advantages and disadvantages of CBDC 
currency. 
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12.2 Data mining 


Data mining is a form of data analysis. It is also a form 
of artificial intelligence. The process of data mining 
involves searching through and analysing large sets of 
data to establish patterns and trends. This information 
can be used to help identify future trends that could be 
very valuable to a company. The large sets of data used 
are stored in data warehouses. 


data mining: the process of collecting large sets 
of data and analysing them to identify patterns 
and trends 


REFLECTION 


Why could the ability to identify future trends be 
so valuable to a company? 


Compuiers are used for data mining because of the 
sheer volume of data that is searched and analysed. 


Figure 12.3: Data mining. 


The process of data mining 


ihe process of data mining is complex and involves 
several different stages. 


Stage 1: Business understanding 


There are three main elements to the business 
understanding stage: setting the objectives, developing 


the project plan and establishing the criteria for success. 


In order to establish the kind of data that needs to be 
mined and analysed, the objectives of the business need 
to be understood. The business understanding stage is 
where the needs of the business are discovered, and an 
in-depth analysis takes place to ascertain these. 


Once the business needs have been established, other 
important factors, such as the resources available, the 
constraints on the process and a data mining plan and 
goals must be considered. The data mining plan will 
involve developing queries to interrogate the data. 


Stage 2: Data understanding 


The data understanding stage involves an initial 
collection of data. This is normally collected from 
various sources that are available. Once the data is 
collected, the integrity, accuracy and the properties of 
the data are considered, to make sure that it is viable. 


Once the data is established as viable, it can be 
interrogated using queries that were developed in 
the business understanding stage. This interrogation 
will help the business understand whether the 

data is complete and will provide them with the 
desired outcome. 


Stage 3: Data preparation 


This is the largest stage in the project and the most time 
consuming. During this stage the data is taken through 
a whole process of selection, cleansing, construction and 
formatting, to make sure that it is in the form required 
for the business. This can then allow for patterns and 
trends to be established in the data, relating to the 
business needs. 


Stage 4: Data modelling 


During this stage, various test scenarios are generated 
to model the data. This will allow the business to 
understand whether the models are suitable for the 
business needs, and that the models fall in line with the 
business initiatives. 


Stage 5: Evaluation 


In the evaluation stage, the results generated by the 
models are evaluated. The outcome of this evaluation 
may produce new business needs, depending on 

the patterns and trends that have been identified in 
the process. 
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Stage 6: Deployment 

The deployment stage normally involves creating a 
report and other visual material to present the findings 
of the data mining process to the stakeholders of a 
business. This information can then be used by the 
stakeholders to decide what actions the business will 
take next. 


If the stakeholders feel the business hasn’t achieved an 
informative enough result, they may choose to repeat 
the data mining process to further refine the information 
gathered from the process. 


Figure 12.4: Refining the data mining process. 


Use of data mining 


The use of data mining 1s increasing. Many different 
organisations make use of data mining to aid 

their planning aud the actions they choose to take. 
Sometimes, the use of data mining can be critical to 
highly sensitive situations. 


National security and surveillance 


Governments make continued use of data mining to aid 
nation security. It is used to analyse intelligence that is 
gathered to highlight the current activity in 2 country 
and predict possible future activity. This can help reduce 
the risk of attack or dangerous activity in the country. 


The use of data mining in surveillance is an ongoing 
controversial matter. In surveillance, data mining is used 
in a similar way to how it is used in national security. 


Surveillance data, such as CCTV footage and recorded 
telephone calls, are analysed to predict issues such as 
crimina! activity. Some people agree with the use of data 
mining in this way because they believe it keeps people 
safer. Others completely disagree with the use of data 
mining in this way because they believe it is a violation 
of privacy. 


How do you feel about the use of data mining in 
surveillance? 


One type of surveillance that data mining is used for is 
corporate surveillance. This is when corporations mine 
people’s data that can be used for marketing purposes 
or sold to other companies. A business can use this 
information to tailor their products or advertising to 
individuals. This is also known as data profiling. 


Figure 12.5: Surveillance. 


Business 

Businesses use data mining for a variety of different 
reasons, from predicting customer spending habits, 
predicting product trends and even in hiring staff. Data 
mining is valuable to a business because, if they are able 
to predict what products customers will buy, they can 
beat their competitor to market and gain a competitive 
advantage. This can ultimately result in increased sales 
revenue, and possibly profits, for the business. 


One business application of data mining is customer 
relationship management (CRM). The aim of CRM is 
to improve customer loyalty and to implement business 
strategies that are customer focussed. In order to build 
customer loyalty, a business needs to predict the needs 
of the customer, this is where data mining can be used. 


NN ne —‘CSCSCSCsiCi‘is. 


270 » 


Copyright Material - Review Only - Not for Redistribution 


12 IT in society 


Question 


1 How do you think a business could make use of 
data mining when hiring staff? 


Research 


Research 1s a fundamental and imperative part of so 
many areas in society. It helps revolutionise industries 
such as medicine, space exploration, engineering and 
technology. Data mining is often the underpinning tool 
in research. Research companies can also make use of 
other research company’s data, through the use of data 
mining. This can speed up core developments in these 
key industries. 


One research and healthcare application of data 
mining is bio-informatics. This is the practice of mining 
biological data to extract medical patterns and trends. 
This can be used in practices such as gene finding and 
disease research and diagnosis. 


Health care 


Data mining is increasingly used to improve health care. 


It can be used to identify success practices in health 
care and to also help reduce costs. It can also be used 
to predict the volume of patients that will visit medical 
institutions, so that appropriate levels of staffing can be 
put in place. 


Figure 12.6: Data mining for improved health care. 


Predicting social and economic trends 


Data mining has a large role in predicting future social 
and economic trends. Many institutions are concerned 


with the stabilisation and growth of the global economic 
market. Any cata and intelligence that can predict what 
might happen in future with the economy can help 
important institutions, such as governments, to prepare 
for any possible crisis that may occur. Companies can 
also use the ability to predict what may lay ahead with 
the economy to make important business decisions, such 
as where they should plan to expand their business. 


Ethical and privacy implications 


Individuals and organisations have concerns about 

the ethical and privacy implications of data mining. 
This often revolves around the use of data mined 
about individuals that is then used to target them with 
products and advertising. There can be certain issues 
with this. If a person searches for a certain product or 
service, they may be bombarded with similar products 
for a long time afterwards. This might not be too bad if 
this was for something they like, but if the search was 
for a product that can then create upsetting feelings 

at a later date, the constant reminder of the targeted 
advertising may be harmful. For example, if a person 
searches for their favourite chocolate, but then decides 
to start a healthy eating diet, they may keep being 
tempted by targeted adverts about chocolate. Another 
example could be a person who searches for symptoms 
of a medical ailment that they have. This data is then 
available and mined by lots of companies, and the 
individual may never want people to be aware of their 
medical issues. 


The ethical issues also prompt privacy issues that many 
individuals have. Many people feel it is a violation 

of their privacy, and also unethical, for companies 
who have collecied their data to share this with other 
companies 


How would you feel about a company sharing 
data they have collected about you with another 
company? Do you feel this affects your privacy? 
Do you think this is an ethical practice? 


Advantages and disadvantages of 
data mining 


You may have realised there can be both advantages 
and disadvantages of data mining. These may be for the 
individual or the organisation: 
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Allows organisations to 
make strategic decisions 
that can help maintain 
or increase their 
revenue. 


The process of data 
mining, the software 
tools and the skilled 
staff required are all very 
expensive. 


Allows organisations 
to understand their 
customers and create 
the products they need. 


Many people see the 
practice of data mining 

as both unethical and an 
invasion of their privacy. 


Storage costs for data 
are very expensive, 
therefore this can also 
increase the cost of the 
process of data mining. 


Allows individuals to 
see targeted product 
advertising based 

on the things they 
already like. This means 
adverts could be more 
meaningful to them. It 
could also heip them 
see products they would 
like but do not currently 
know about. 


The masses of data 
stored prove a great 
security issue, as hackers 
will want to gain access 
to the data because it 
has a high value. 


Allows important 
institutions to predict 
future crisis that they 
can then plan strategies 
and solutions to help 
handle or avoid them. 


Allows businesses to 
save costs either by 
understanding how to 
streamline what they 
already do, or by not 
investing in a future 
product that they can 
now be aware may not 


be desired. 


The outcomes produced 
| by data mining are only 
predictions based on 
patterns and trends in 
past data. They are not 
an accurate science and 
it is very possible for 
them to be incorrect. 


j 


Table 12.5: Advantages and disadvantages of data mining. 


Example case study of data mining 


A very high-profile case involving data mining was the 
Facebook-Cambridge Analytica scandal. The whole 
case involved the way companies collect, use and 
share people’s data. The case occurred not because 
the companies involved necessarily broke the law, but 
because ethical issues were raised about their activities 
in collecting data. This occurred as there were no 
strict laws in place within the countries concerned 
that necessarily governed this practice. The companies 
involved were accused though of exploiting loopholes in 
the law to unethically mine data. 


The scandal revealed that Cambridge Analytica, a 
political consultancy firm that mined data, had collected 
the personal data available from millions of people’s 
Facebook profiles. They did this without the consent of 
the Facebook users. This data was then analysed and 
used for political advertising purposes. The data was 
used to infiuence public opinion. 


As a result, on 25th May 2018, a new law was 
implemented to help govern the practice of data mining 
for EU residents. This has meant that any companies 
wanting to gather the data of EU citizens must seek 
their permission to do so. It details clear guidelines and 
definitions about how data can be collected and used. 

It also forces companies to consider questions such as 
‘Why am I collecting this data?’, “What do I intend to do 
with this data?’ and ‘Do I have the users consent to use 
this data?’. 


12.3 Social networking 


It can often seem that the world is obsessed with social 
networking, but it has grown to be an inherent part of 
many people’s lives. They rely on it for entertainment, 
communication and often as a source of news. People 
use social networking methods to share information 
about their daily lives, including how they feel, what 
makes them happy, what irritates them, what they are 
eating, where they are on holiday and what their beliefs 
are. The world likes to share! 


social networking: the use of websites and apps 
that allows users to communicate and interact 
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Figure 12.7: Sharing data on social networks. 


There are several different types of social networking. 
These include chat rooms, instant messaging, forums, 
email, blogs and microblogs. These are all forms of 
communication technologies that are also known as 
social media. Users normaliy use these technologies on a 
personal computer or a mobile device and they are often 
accessed using a website or an app. 


Chat rooms 


A chat room is an online service that allows multiple 
users to type messages to each other, allowing them to 
chai. They are meant to be similar to people gathering 
in a room and chatting about what interests them. 


Chat rooms are often created to allow users to discuss 

a particular topic or issue. Users are given 4 username 
and password to enter the chat room. When they log 

in, they can normally see which other users are online 
and type messages into a text input box. These messages 
are then displayed as a dialogue onscreen. The process 
is interactive and designed to aliow multiple users to 
communicate and discuss the chosen topic. 


Chat rooms are mainly used by individuals, but they 
could be used by businesses and organisation as a type 

of marketing tool. A business who wanted to expand a 
current product or service, or launch a new one, could use 
it as a method of gaining feedback. A chat room could 
be set up to discuss the product and a selection of users 
could be sent the log-in details. When the users enter the 
chat room, the business could ask questions or make 
comments about the product to prompt discussion. 


Instant messaging 


Instant messaging is one of the earlier forms of social 
networking. It is designed to allow two users to send 
messages to each other in real-time. Although this 
often happens between two users, it is possible for 

more to be included if a group instant message thread 
is created. Several social media platforms have an 
instant messaging service built into them. These include 
Facebook, Instagram and Skype. Some other media, 
such as online gaming, also have instant messaging 
facilities built into them. 


Many individuals and organisations use instant 
messaging facilities. Individuals use them to converse 
using text with friends and family. They can also use them 
to contact a business, who have a social media presence, 
to ask them a question, or make a complaint. Many 
instant messaging facilities have a reporting function that 
allows a user to see when the other person has read their 
message, and when they are currently replying. A user 
can also see when another user is currently online. Instant 
messaging can also be used to send other media, such as 
sound files, images, video files and emojis. 


Figure 12.9: Instant messaging. 


Businesses and organisations have begun to develop 
internal instant messaging facilities. This allows 
departments to message other workers in the 
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department to ask a quick question or make a quick 
observation or comment about a current issue or idea. 
This facility is also known as a LAN messenger. 


Use the internet to research more information 
about how businesses and organisations can use | 


a LAN messenger. 


2 er. dl 


Forums 


Forums are an online place that users can post thoughts, 
ideas and questions. Other users can then reply to the 
post with their thoughts, feedback and answers to any 
questions. Forums are different to chat facilities because 
they do not have the same level of live interaction. A 
user who posts a question on a forum is not likely to 

be needing an immediate reply from other users. They 
can post their question, then return to the forum at a 
later time to sce what answers and advice other users 
have given. Other users can also search a forum to see 
if someone has already asked for an answer to their 
question and they can read the previous responses given 
if it has already been asked. 


Some forum platforms will have a user who is called a 
moderator. The forum will have rules that users must 
abide by to post on the forum. The role of the moderator 
is to check the forum on a regular basis to make sure 
that users are abiding by the rules. The moderator will 
remove any posts and can block any users from posting 
if they break the rules. Some forums may be very strict 
and will only allow posts to be visible on the forum when 
they have been approved by the moderator. Most forum 
platforms will require users to register to be able to post 
or reply to commenis. If users do not want to post or 
reply to posts, then they can normally read the forum 
posts without the need to register. 


In a forum, posts are structured as threads. A user posts 
a question, which starts a thread. Other users post 

their reply to the question, which are all added to the 
same thread. This allows the original user who posted 
to be able to see all the replies to their post. A forum 
will normally have a particular topic as a theme, for 
example, technical support, healthcare issues, computer 
games and makeup tips. 


Forums are mainly used by individuals, but businesses 
and organisations do also use thein. A business can 
use a forum as a support facility. It can have a forum 


platform that a!lows users to post questions or ask for 
support about their product. A moderator or other can 
then reply to users’ requests and provide any support 
needed. This type of support facility can be useful to a 
business as a method of customer service. 


Forums can also be used to seek advice and support 

on issues such as health, education and finances. Users 
may post about a particular health issue, such as their 
symptoms, and other users can provide information 
about what health issue they think the person has. Users 
can also share information about what advice they have 
been given regarding a particular health issue, and ask 
other users to post whether they have received similar or 
different advice. A user could also post seeking financial 
advice about a certain scenario they find themselves in, 
or for advice about investments, and other users could 
post offering their advice. 


Forums sometimes have dedicated professionals that 
will posi experienced advice to the initial user, but there 
an aiso be posts from other users who may be offering 
personal advice, but are not professionals. Therefore, 
users should always be cautious about any advice given 
by other users as this may not be correct or accurate. 


PRACTICAL ACTIVITY 12.04 


Think a forum idea that you and a partner could 


set up. Make a list of rules for your forum that 
you want users to abide by. 


Email 


An email (short for electronic mail) is a message that can 
be sent by a user to one or more users. Email is similar 
to sending an electronic version of a letter. The user 
writes the letter then addresses it to send it to another 
user using their email address. This is an address that 

is linked to their email account. A user registers for an 
email account with an email provider, and as part of 
their registration they choose a unique email address. 
They can then give this address to any other user so they 
can be sent emails. 


It is easy to identify if an address is an email address as 
they normally have an ‘@’ symbol within them, and a 
domain name (for example.com). 


Businesses and organisations use email extensively. 
For many, it is one of their main methods of 
communication. It can be used to easily send 
information to everyone within a company. Businesses 
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can also use email to send information to customers and 
potential customers to provide them with information, 
such as a recent offer they have or a new product. This is 
a more direct method than requiring their customers to 
look at their other social media platforms. 


Individuals also use email communication to contact 
family, friends and organisations. Email is used to send 
messages to family and friends that the writer may 

feel is more extensive than what they would put in an 
instant message. People can also use email to contact an 
organisation, for example, to make a complaint. 


PRACTICAL ACTIVITY 12.05 , 


Use the internet to research the first emails that 


were sent. Find out who sent them and what they 
contained. 


Blogs and microblogs 


A blog (which is short for weblog) is an online version 
of a journal. Blogs are set up by individuals, or groups 
of individuals, normally to report on their lives or 

a particular topic. Blogs are structured in reverse 
chronological order, which means that the most recent 
post to the blog will appear first. 


my 


Blogs are read by people all over the world. They have 
become a very popular way of people finding out about 
lots of information in which they are interested. The 
blogger will usually use some online software to create 
their blog. Popular online blogging software includes 
WordPress and Squarespace. 


Microblogs are similar to blogs, but posts are created 
with a much smaller level of content. A blog may have 
posts that are a thousand words or more. However, 

a microblog will have posts that are just a couple of 
sentences or just an image. Popular microblogs include 
Twitter and Instagram. 


Businessess and organisations can make use of blogs 

as a method of providing information, to customers 
and potential customers about developments within the 
company. Education facilities, such as schools, can use 
blogs to allow parents and students to see what has been 
happening in different departments within the school, 
including any recent school events. 


Organisations such as police and law enforcement 
can use microblogs to provide reguiar updates to 
communities about problems and issues on a local 


or national scaie. Schools could also use microblogs 

to provide a stream of information for parents about 
recent updates in the school. Microblogs have become 

a popular source of news for people around the 

world. News platforms will post a headline on their 
microblog that can provide a link to a full article for the 
user to view. 


Some individuals make a living as a full-time blogger. 
They have so many users that read their blog that it 
attracts companies who want to place adverts on their 
blog. They are paid for the adverts that are displayed on 
their blog, which provides them with an income. Video 
has become a very popular media in blogging, and 
people who use videos to blog are known as vloggers. 


Figure 12.10: Video blogging. 


Impact of social networking 


Social networking has had a huge impact on both 
individuals and businesses. 


Some feel that it has had a positive impact on the 
lives of individuals. It has allowed us to communicate 
with people on a global scale. This means that family 
and friends that live in different countries can share 
more about their lives which can help people feel more 
connected and so happier and less alone. Some also 
feel that it has allowed us to connect with strangers 
and make more friends with people who share similar 
thoughts and beliefs to us. The result of this is that 
people feel happier and more passionate about their 
thoughts and ideas because they are able to share and 
develop them with those that think alike. 


Some feel that social networking has had a negative 
impact on the lives of individuals. They believe it 
has a detrimental effect on our mental health. Social 
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media has created a culture of constant sharing which 
has led to constant comparison of our lives to others. 
This can result in people feeling very unhappy with 
their lives, because they look at how others portray 
their lives on social media and feel that their own 

life does not compare. Others also think that social 
networking can be used to influence minds, often of 
the younger generation, to think in certain political or 
stereotypical ways. 


Some feel that social networking allows people to hide 
behind an anonymous online profile, which allows them 
to post controversial and often harmful comments that 
can result in cyberbullying. There have been detrimental 
results of cyberbullying that have even led to some 
people taking their own life. 


One growing concern about the use of social networking 
is that it has created a generation that needs a sense 

of immediacy to everything they do. This is creating 
cognitive issues that may result in people having 

very little concentiation to be able to complete daily 
tasks because they are taking in a constant stream of 
information, without focussing on a one particular task. 


4 


ab Q 
Some people believe that social networking has 
improved our ability to communicate, others 


believe it has caused it to deteriorate. What 
impact do you think social networking has had 
on our ability to communicate? 


Social networking has had a large impact on businesses. 
It is used by businesses on a regular basis as an effective 
marketing tool. It can be vital to the success of a 
business to have an active online social networking 
presence. Some argue that the impact a business can 
have by using social networking is starting to deteriorate. 
Individuals now see so many different online adverts 
that they are likely to just bypass the advert, meaning 

it has little effect at all. However, social networking has 
allowed businesses to reach audiences on a global scale 
which can help increase their sales revenue. 


What's the most effective way that you have seen 
a business use social networking? 


Social networking has had a positive impact on 
organisations because it allows them to distribute 
important information on a large scale. For example, if 
there is a natural disaster within a country, the police 
and government can use social networking to distribute 
vital information about how people can keep themselves 
safe, or get to safety. They can also use it to give people 
prior warning of an issue, such as an approaching 
tornado or other bad weather. This can help people 
have precious time to prepare safety measures that 
could save their lives. One cause for concern about 
organisations using social media is their ability to 
censor the information that is released. A government 
may choose to censor information about a current 
issue occurring within the country so that people have 
a false impression of what is occurring, distorting 

their opinion. For example, they could underplay 

or sensationaiise a political protest, influencing the 
opinions of others in the country. 


Here is a summary of the advantages and disadvantages 
of social networking: 


People can feel 
overwhelmed by all 
the information and 
communication they 
encounter. 


Allows communication to 
occur on a global scale 
between individuals, 
businesses and 
organisations. 

Some people can feel 
excluded and feel that 
everyone seems to have a 
better life than they do. 


Allows people to feel 
included as they can 
share thoughts and ideas 
with those who share 
similar opinions. 

Some organisations could 
falsely represent certain 
situations and influence 
opinions of people that 
are built on censored 
information. 


Allows organisation to 
distribute important 
information to people 
that could be lifesaving in 
critical situations. 


Allows some individuals | Social networking 

to make a living writing influencers can 

an online blog that others | sometimes lead people 

enjoy reading. to think or do things 
that are harmful, such as 
over exercise or spend 
too much on expensive 
clothing. 
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Contributions to 
platforms, such as forums, 
can often be made by 
people who may not be 
qualified to give advice 
or support. This could 
lead to a person acting 
on incorrect advice and 
possibly causing harm. 


Allows people to seek 
advice or support on 
various issues, including 
technical support and 
healthcare. This can result 
in an improved level of 
customer service and 


care 


It may be causing 
people's attention span 
to decrease as they no 
longer are able to focus 
on a single activity for any 
length of time. 


Provides a stream of 
entertainment for people. 


News stories can se 
sensationalised and 
falsely reported. 


Can expose people to 
news stories that they 
otherwise may not be 
aware of. 


It allows a level of 
anonymity that can 
encourage users to 
participate in bad 

or sometimes illegal 
behaviour that they would 
not otherwise do, if they 
thought people would 
know who they are. 


Table 12.6: Advantages and disadvantages of social 
networking. 


12.4 Technology 
enhanced learning 


Teaching and learning has been improved by technology. 
A large part of technology’s growing influence on 
society is the introduction of online learning and 

online courses. 


There are many tutorials available on websites such as 
YouTube, and more educationally oriented sites like 
Lynda.com and edx.org. This means that people can 
now gain access to teaching, often without a fee, other 
than the cost of their internet connection. This also 
means they can learn at their own pace and in their 
own time. 


The quality of the resources available through these sites 
can often differ greatly. On sites like YouTube there may 
be no governing body looking at the level of teaching that 
is taking place, in the way that there often is with schools. 
This means it may be difficult and time-consuming for a 
person to pick through all the tutorials they can find to 
get one that is of a high quality. It could also mean that a 
person could use a tutorial that teaches them incorrectly. 


There are several different types of platform for technology 
enhanced learning. These include computer-based training, 
online tutorials, networked learning, massive open online 
courses (MOOC) and video conferencing. 


Computer-based training 


Businesses and organisations can create extensive 
training programs for their staff that can be accessed 
using compuiers. Often just the training resources 
created are available and this normally doesn’t involve 
the presence of a tutor. The resources can be a mixture 
of iext, sound, video and images to present the training 
information in the most effective way. Computer-based 
training is normally designed to deliver small chunks of 
training to people, as a step-by step process. It normally 
allows the user to learn at their own pace. 


Many companies develop and make available this kind of 
training to their staff to allow them to develop their work 
skills. This can mean that the worker can improve their 
knowledge and skillset to a point that may allow them to 
be awarded a pay rise or a promotion. There can be tests 
incorporated into the training, that are automatically 
marked, that can show how much the user has learnt. 


Users can learn at 
their own pace. 


Learners may not have 
a tutor to answer any 
questions that they have. 


Different media can 
| be used to create 

an interesting set of 

resources. 


Staff may not be motivated 
to follow the computer- 
based training as they 
aren't being watched and 
driven to do so. 


Staff can improve their 
own skills set and 
knowledge resulting 
in promotion or 
additional pay. 


Table 12.7: Advantages and disadvantages of computer- 
based training 
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Online tutorials 


One of the biggest online platforms used for tutorials 
is YouTube. There is an extensive set of tutorials and a 
huge variety of different topics, from baking a cake, to 
fixing a car, to putting on makeup. An online tutorial 
is normally delivered using different media and aims 
to teach the viewer how to achieve a specific goal or 
outcome. Online tutorials also allow a user to learn at 
their own pace and in their own time. They are also 
able to view the tutorial repeatedly until they think 
they have the understanding that they need for the 
desired outcome. 


There are online tutorials | The quality of online 
available on almost | tutorials may differ 
any skill or issue that | greatly, and some may 
a person may want be poor quality, meaning 
information about. it is time consuming to 
find one that is good. 


An online tutorial could 
teach a person in an 
incorrect manner. This 
will depend on the 
ability of the person who 
is acting as the educator. 


Users can learn in their 
own time and at their 
own pace. 


Different media can 
be used to create an 
informative tutorial. 
Table 12.8: Advantages and disadvantages of online 
tutorials. 


Networked learning 


Networked learning is a form of online collaborative 
learning that heips learners to connect with other 
learners as well as their tutors. It is designed to help 
learners develop relationships with each other as well as 
their tutor. This can help the learning process because 
there are a number of different people from whom 
learners can gain feedback and partake in discussions. 


The aim of networked learning is that learners are 
encouraged to support the learning of other learners. 
The whole process is normally facilitated by a tutor, 
who actively encourages participation from all learners. 
Learners are often asked to share thoughts, opinions 
and resources from their work or educational practices. 
Other learners are then asked to comment on each 


other’s contributions, offering advice about how to 
improve their skills and knowledge. 


The time scales are more limited for networked learning 
as the current task will be dependent on everyone 
participating in a similar time frame. 


Learners get to work 
with other learners and 
build relationships that 
they could take forward 
beyond the course. 


Learners are exposed to 
both the ability to gain 
and provide feedback. 
This means that they 
build new skilis and 
knowledge and offer 
the skills and knowledge 
they have to others also. 


Learners may be more 
motivated to complete 
the tasks as the learning 
of others is also 
dependent on them. 


Some learners may find 
it difficult to contribute 
to the process, as they 

aren't sure what to give 
as feedback. 


Some learners may 

be overbearing and 
dominate all the 
discussions that take 
place, not allowing 
enough contribution 

to encourage learning 
from others. Some tutors 
may find these people 
difficult to manage. 


Learners may be inclined 
to just provide positive 
feedback as they do 

not feel comfortable 
criticising the work of 
others. 


If some learners do 

not complete tasks or 
provide the necessary 
feedback, this may 
limit the learning ability 
of other users, as the 
timescales for learning 
are more limited. 


Table 12.9: Advantages and disadvantages of networked 


learning. 


MOOC (Massive Open Online 


Courses) 


One of the biggest online learning methods is MOOCs. 
These are courses that are not limited in the number 
of people that can access them and have open access 
using the web. MOOCs are free and will be used by 

a large number of learners at any one time. They will 
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often include filmed lectures and other resources, and 
have forums that can be used to interact with other 
learners and the educators. MOOCs allow people in 
similar industries to learn more about their industry 
from other people within that industry. They allow this 
to happen at the convenience of the learner. People 


val 


can use MOOCs to develop additional career skills or 
explore new interests. Progress through courses available 
on a MOOC could be assessed using peer review, written 
assignments or online tests that are automatically 
marked. They may not provide a person with a formal 
professional qualification, but they can demonsirate that 
a person will expand their own learning, in their own 
time, which could be appealing to an empioyer. 


Large selection of 
courses available. 


Can provide an 
employee with a 
competitive advantage 
as it demonstrates the 
motivation to learn and 
improve in their own 
time. 


They are free of cost. 


The number of people on 
a course is often a large 
amount or unlimited, 

so people do not have 

to wait for a place to 
become available. 


| Users can learn at their 
own pace in their own 
time, often only limited 
by the submission 
deadline for assignments. 


Some people may get 
overwhelmed by the 
number of courses 
available, and may not 
know which one would 
be best to take. 


There are often large 
numbers of people 

on the courses, so the 
educators may not have 
a lot of time to dedicate 


to helping each learner. 


It may be ditficult for 
educators to keep track 
ot the progress of all 
learners, so they may 
not recognise that some 
are struggling. 


Some learners may 
struggle with the 
motivation to complete 
the tasks, and may only 
choose to complete 
those properly that they | 
know will be assessed. 


Table 12.10: Advantages and disadvantages of MOOC. 


Video conferencing 


Video conferencing is when people communicate using 
computers, displaying a video stream, using an internet 
connection. The video will often show the user and 

any other resources that they want to provide. Video 
conferencing software often has a facility that will allow 
a user to share the content on their screen with other 
users that are part of the conference. 


Teaching and learning can be carried out using video 
conferencing. An educator can carry out a lesson that 
allows them to speak to the other learners and also show 
them any resources that can aid the learning process. This 
can feel like a more personal learning experience as learners 
are able to see and speak to the educator. The quality of the 
lesson will depend on the communication abilities of the 
educator, and could also be dependent on the quality of the 
video conferencing software and the internet connection. 
Video conterencing can often require a relatively high 
broadband speed to be able to deliver smooth viewing 

of the video for the user. Video conferencing can allow 
learners to ask questions in real-time and clarify any points 
of learning that they may be unsure about. 


As learners can ask 
questions in real-time, 
this may improve their 
level of learning and 
understanding. 


Video conferencing 
software can require high 
broadband speeds that 
may not be available in 
some areas. 


As learners can see and 
hear their educator, 

this may feel like a 
more personal learning 
experience and may 


Only a small number 

of learners will be 

able to be part of the 
video-conference, and 
this will be limited by 
the capabilities of the 
software and the internet 
connection. This may 
leave some people 
waiting a long time for a 
place on a course. 


create an increased level 
of motivation for the 
learner as they may find 
it more engaging. 


The educator can often 
share what is displayed 
on their screen with other 
learners, which could be 
useful if a demonstration 
needs to be given. 


Table 12.11: Advantages and disadvantages of video- 
conferencing. 
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Technology enhanced learning can vary a lot in terms 
of quality, cost and the subjects offered. Whether it is 
for self-interest or accreditation, it is often much easier 
to learn at your own pace and in your own time. It 

can sometimes be difficult to find the exact course you 
want as there are so many available. Another issue with 
online learning is finding effective teachers that are 
able to break down problems and help students in the 
process. This is partly because of the difficulty in finding 
someone who is capable, but also it can be because 

of the way in which the customers want to learn. Do 
they prefer to be lectured or do they want a small bit 
of information and then to be set a task and learn 

as they go? 


12.5 The impact of IT 


The use of IT has revolutionised many of our industries 
and areas of society. 


IT in soort 


In sport, IT has been introduced to aid referees in 
making important decisions that could change the 
outcomes of a game. In rugby union, the referee 
regularly uses IT to see if the ball was put over the goal 
line for a try to be scored. This was sometimes difficult 
to judge without the use of IT, as the referee often had 
to see around a pile of players trying to aid or stop the 
try occurring. 


IT was used in the women’s football world cup in 2019. 
Many important decisions, in the process of play, 

were aided by the video assistant referee (VAR). This 
meant that goals were allowed or disallowed based on 
the ability to re-watch important footage, to allow an 
improved referecing decision to be made. Some people 
welcomed the use of VAR in this way, as they believed 
that it made the play fairer, allowing correct decisions 
to be made in games. Others believed that it stilted play 
and made the viewing experience less enjoyable. 


TT, such as hawk eye, is used in sports such as tennis, to 
allow players to challenge the decisions of the officials 
judging the match. Some feel this is a welcome addition 
to the game as it can help the decision-making process 
become more accurate. Some feel that ihe system used 
is not very accurate and will often provide incorrect 
outcomes as a result. 


ACTIVITY 12.06 


Find out how IT, such as AR and VR, can be used 


to improve the performance of sports players 
and teams. 


IT in manufacturing 


Manufacturing uses robotics to create assembly lines 

for products such as cars, where heavy elements like 

the chassis are moved to an area where humans can 
then fit items to them to build a car. This has meant 
that humans can be removed from working on the 

more dangerous elements of manufacturing. By using 
robotics in manufacturing, it is possible to create a more 
consistent and accurate product. This is because the 
robot can be programmed to produce a product and will 
do this to the same standard repeatedly. A human may 
differ in their standard of production depending on the 
mood they are in or how tired they feel that day. Also, if 
a manufacturing system is completely robotic, it can run 
for much longer periods of time and will not require the 
same level of rest as a human. With the correct level of 
maintenance, robotic manufacturing could be set to run 
for 24 hours a day. 


Some feel that the introduction of robotics into 
manufacturing has resulted in a loss of jobs for 
people. This has often created animosity toward 

the use of robotics in manufacturing, despite their 
advantages. Also, if a company cannot afford the 
robotic equipment, this can sometimes put them at a 
competitive disadvantage against those companies in 
their industry that can. 
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PRACTICAL ACTIVI 


Find out how computer aided design (CAD) and 
3D printing are used in manufacturing. 


IT in medicine 


In medicine, IT has given us the ability to monitor 
patients and make sure they are healthy. We’re able to 
measure their heart rate, analyse DNA samples to see if 
an infection is present, and even use technology to train 
doctors and nurses in how to perform certain procedures 
through simulations. 


IT has enabled many advancements to occur in medicine. 
It is now possible to provide people with artificial limbs 
that can be controlled through the use of technology. 
This means that people who previously had debilitating 
disabilities can be provided with a new life by using these 
artificial limbs. They could be given the ability to walk 
again or regain the use of their arms and hands, allowing 
them to live a fuller life. This type of treatment has been 
very beneficial to soldiers who have been wounded by 
providing them with the ability to use their wounded 
limbs again, or have them replaced altogether. 


The use of nanotechnology in medicine has provided 
great advancements, especially in the use of drugs 

to treat disease. This is when technology is used 

to manipulate individual atoms and molecules. In 
medicine, it can be used to target the delivery of drugs 
in a very precise way. Particles can be engineered to 
locate particular cells in the body, for example, cancer 
cells, and deliver the drug directly to them. This can help 
to reduce any damage or unnecessary treatment being 
delivered to healthy cells. 


The use of IT in medicine is constantly developing 
because of the vast benefits it can bring. One 
development in progress is the use of smart devices that 
are designed io be implanted into different parts of the 
body, such as the brain or heart. By monitoring the 
body, these devices can detect health issues, for example, 
Parkinson’s disease, a long time before they fully 
develop. This can enable treatment to start much sooner 
and this may prove more effective, or avoid the disease 
developing altogether. 


IT in education 


The use of IT in education is a growing trend. 
Technology, such as interactive whiteboards, can be 


used in the classroom to make lessons more visual and 
appealing. This may enhance the learning process for 
students. 


It is also being used to aid learning online with the 
practice of technology-based learning that was discussed 
previously in the chapter. 


PRACTICAL ACTIVITY 12.08 


Discuss with your teacher whether your school 


has any plans to introduce any new IT into your 
school in the future. If this isn’t possible, discuss 
what IT you think would benefit your learning. 


IT in banking and finance 


You have already studied how IT is used in the 
development and management of a range of electronic 
currencies. Banks rely heavily on the use of IT to 

keep very large databases of records about all the 
transactions that are made on a daily basis. If this had 
to all be recorded on paper, the physical storage space 
required in buildings to do this would be immense! 


IT is used to enable people to access physical currency 
through the use of ATMs. The introduction of IT for 
this purpose meant that people no longer needed to 
queue in the bank to withdraw their money. It also 
introduced the ability for people to access their money 
24 hours a day, and not only when the bank was open. 


Many banks now also provide access to an online bank 
account using a mobile app. Customers download the 
app onto their mobile device, set up access to their 
account by entering their personal details, and use their 
login details (or set up new ones) to access their online 
account using the app. 


Online banking services now allow people to check their 
bank account quickly using IT. They can carry out most 
banking services online, such as: 


e checking their bank balance 

e viewing bank statements 

e setting up direct debits 

e applying for loans and overdrafts 
e paying bills 


e transferring money between accounts. 
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To be able to use services such as these, people would 
previously have needed to go into a bank. Often, they 
would only have one or iwo local bank branches, so 
their choice of bank may have been limited if they 
wanted their bank to be close to home. Also, those 
people that jive in remote locations may have had to 
travel a great distance in order to get to a bank. The 
introduction and developments in online banking have 
allowed people to have more choice over which bank to 
choose and it saves people a lot of time in using banking 
services. 


There are many advantages brought about by online 
banking. These include: 


e Needing to visit a branch less as many services can 
be used online. 


e Avoiding queues in bank branches. 


e The ability to use banking services 24 hours a day, 
7 days a week. 


e Using banking services without leaving home. 


e Viewing transactions online without needing to 
wait for paper statements to be delivered. 


Some banks have chosen to encourage online banking 
by offering better deals on interest rates and loans 
online. They have done this because online banking 
can help cut their costs, from printing statements to the 
number of branches they need to have. 


People can access many different financia! services 
using IT. People can set up online investment portfolios 
and use IT to monitor them on a daily basis. They can 
also use IT to apply for financial services such as loans, 
mortgages and insurance. The use of IT can allow them 
to compare and contrast the deals on offer by different 
finance companies from the comfort of their own home. 
They can also use aggregate websites that will find all 
the deals available to them on the internet and show 
them which deals would be best for their needs. 


E-business 


Business has changed hugely through the introduction 
of IT. Online business is now commonplace and 1s often 
seen as an easier way of buying goods and services than 
in a physical store. Goods and services are often cheaper 
online because of cost savings from businesses not 
needing a shop space and from reduced utility bills. 


IT has caused the rise of online shopping by providing 
a more convenient platform on which to sell items to a 


customer or purchase items as a customer. One of the 
main advantages of this is how quickly the customer 
receives products. 


Online shopping has become even more popular with 
the rise of smart devices, because of applications that 
allow you to order anything online by using your 
phone, regardless of where you are. This is even more 
convenient for the customer as they could be out 
shopping, not able to find their product in store, but 
able to order it from the online store straight away from 
their phone. 


Online shopping can be better for the environment, 
because fewer vehicles may be used as people are not 
driving to shops. This will depend on whether the 
amount of people traveiling to the shops is reduced 
by people shopping online. Some people argue that 
the number of vehicles on the road that are delivering 
the online shopping does not make it much better for 
the environment. It is also very difficult for people to 
see the quality of products online or check the size 

of them. This can mean that many products end up 
being returned. This may also increase the number of 
vehicles used. 


News and media 


In the social networking section of the chapter, you 
studied how it is now being used on a regular basis and 
how it is a source of news and media for people. This 
has allowed people to have quick access to news stories 
around the world and has made people more aware of 
world events. The use of IT has also allowed people to 
be amateur journalists themselves, by recording events 
as they happen and using social media platforms to 
broadcast this to a wider audience. This has had both a 
positive and a negative effect. It has allowed people to 
see what has happened in certain events, when the media 
may have chosen to censor the content of those events. 
This gives people a truer impression of what is actually 
happening. Others believe that this could also be 
harmful and will argue that the media sometimes chose 
to censor what happens at events, because they believe it 
could be harmful for people to be fully aware. 


People are able to use IT to set up news feeds that are 
able to draw news stories from all different kinds of 
media sources. This means that they save time as they do 
not need to go to the site of each individual source and 
find the news stories that they want to read. They can 
set their news interests for the feed and then the software 
will search for stories that it thinks will interest the user. 
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Figure 12.12: The news online. 


Family and home 


The introduction of IT into the home has developed 

in many ways. People now have devices, for example 
Amazon’s Alexa and Google’s Home systems, and use 
them for many different services in the home. They can 
be used to control many aspects in the home, such as 
lighting and heating. A user is even able to use the IT to 
control these systems from a remote location. This facility 
can help people save money and can also be better for 
the environment. This is because, rather than having the 
heating on all day, or having it on a timer system to start 
at a certain time, the user can choose to remotely siart 
the heating system at a precise time that they ave about to 
travel back to their home. 


These devices can also prove to be a source of 
entertainment to families at home. Families can gather 
and play lots of games and quizzes using the devices. 
They can also use the device to stream music. This can 
help families interact and spend quality time together. 


IT can also be present in many everyday devices in the 
home, such as washing machines and refrigerators. 

IT can be used to provide information to the user, for 
example, how long a washing machine has left to finish 
washing clothes. This can allow people to plan their time 
and know when they will need to remove their washing. 


Figure 12.13: Home IT contro! devices. 


Government and politics 


The use of IT, especially social media, has become more 
prominent in government and politics. Social media is 
often used to raise awareness of different political causes 
and issues. Many online petitions are set up daily that 
try and encourage people to sign for the resolution of 
issues that they support. The use of IT in politics in this 
way can allow government to see what issues the people 
have, and this may help them prioritise what they discuss 
in government. It can also help the people have a voice 
and force government to discuss issues that they believe 
need resolving. 


IT has allowed governments to make services they 
provide accessible oniine. For example, people may be 
able to pay their taxes online, and apply for documents 
such as a passport or a driving licence. This can make 
access to these services much more convenient for people 
and could aiso save costs for government, because they 
need fewer staff available than if people needed to meet 
face to face for these services. 


Monitoring and surveillance 


The use of IT in monitoring and surveillance has 
become very prominent. Many police authorities around 
the world use it to monitor possible criminal activity and 
to locate criminals when crimes have been committed. 


One example of its use in this way is to combine facial 
recognition software with CCTV footage. Often a 
criminal will try and flee an area or a country if they 
believe they will be caught. This could involve them 
making a journey using a train or an aeroplane. Train 
stations and airports often have a lot of CCTV footage 
available. This footage could be scanned using facial 
recognition software to see whether the criminal has 
passed through the train station or the airport. This type 
of analysis can save a lot of time, as previously, a person 
would need to have watched hours of footage to see if 
they could spot the criminal in the footage. This type 

of technology could also be useful in finding a missing 
person. The police could analyse the CCTV footage in 
certain areas with facial recognition technology to see 

if the last known location for the missing person can 

be detected. 


More people are adding CCTV technology to their 
home. Special systems can be set up that will monitor 
the area around a house. If any motion is detected in 
this area, a user can get an alert to their mobile phone 
and can instantly view footage of their home to see 
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what or who has created the motion. Some systems also 
incorporate a speaker that wiil then allow the user to 
speak to whoever is moving outside of their house. This 
may scare off any person who may be planning to burgle 
the house, as they know they have been seen already. 


People are also starting to use surveillance methods 

in their vehicles. Some drivers are adding dashcams 
(dashboard cameras) into their vehicles. These are 
cameras that will start recording the journey of the 
driver when the car is switched on. The intention of 
this footage is if another driver crashes into the car, the 
driver of the car will have video footage of the accident 
for their insurance company. This can help prove that 
they are not at fault for an accident (it, of course, it 
isn’t their fault!). This footage has also started to serve 
a secondary purpose for some police authorities. Some 
police have requested if any drivers have dashcam 
footage of a certain area at a certain time. They are 
hoping to be able to analyse this footage to see if 

they can get evidence of a crime that may have been 
committed on the street at that time. 


It is argued by some that use of IT in these ways, as 
methods of monitoring and surveillance, is relatively 


unpoliced at present. It can take a long time to pass 

laws and regulations to police this type of technology, 
and the development of the technology can often move 
quicker that the ability to police it. Some people highly 
disagree with the ability of the average person to record 
them walking down the street or past their home, which 
is what can be done at present with home CCTV systems 
and dashcams. They believe that this is an invasion of 
their privacy and that there needs to be a greater level of 
laws and regulation governing there use in this way. 


How do you feel about a person’s ability to 
record you walking down the street, without your 
knowledge or consent? 


Do you fee! this is an invasion of your privacy? 


Do you think that the improved level of security 
that it may create is more important? 


BXAM-STYLE QUESTIONS 


1 Explain what is meant by a cryptocurrency. [3] 
2 Explain two advantages and two disadvantages of the use of digital currency. [4] 
3 Explain the difference between a chat room and a forum. [4] 
4 Describe the process of data mining. [8] 
5 Explain two ways that data mining can be used. [4] 
6 Explain two advantages and one disadvantage of learners using a MOOC to improve their work-based 

skill set. [6] 
7 Discuss the impact of the central bank moving to a digital based currency only. [6] 
8 Discuss the impact of the use of IT in banking and finance. [6] 


SUMMARY CHECKLIST 
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BEFORE YOU STAR® 


e Do you understand what is meant by an emerging technology? 
e Do you understand that emerging technologies are used in various ways in society? 


e Do you understand that emerging technologies can have both a positive and negative impact on society? 


Introduction 13.1 Near field 


The world of technology is ever evolving. This results 


in the development of new and emerging technologies. commun icat i on ( N FC) 


Many of these technologies have a positive impact on NFC is a wireless technology that is similar to 

our society. They aid both individuais and organisations, Bluetooth. It is a communication protocol that 
medicine and healthcare, scientific research and the enables two devices to connect and share data. Unlike 
environment. Bluetooth, which has an average range of 10 m, devices 


using NFC must be within 4 cm of each other. 


emerging technologies: technologies that are 
still in development to allow them to reach their 
full potential 


protocol: a set of rules or standards that ensure 
data is transferred between devices correctly 


An emerging technology may be a new technology, NFC is a technology that is present in most modern 

but it may also be an existing technology that is still mobile telephones and smart watches. Users can bring 
being developed. An emerging technology is stil! being their devices close together and use NFC to share data 
developed to reach its full potential because this hasn't securely within seconds, without the need for an internet 
yet been realised. connection. 

You are going to learn about a range of emerging Some users are apprehensive about NFC. Unlike 
technologies and their application. You will develop Bluetooth, it does not require a pairing code or 

your understanding of the impact of these technologies password. Therefore, users are worried that someone 
through the use of examples could easily steal the data stored on their device. The 


very close proximity required for NFC means that this 
would be quite difficult. Many organisations that make 
use of NFC plan to add in other security methods to 
prevent this issue. As NFC doesn’t require a pairing 
code, one advantage is that a connection between two 
devices can be established much quicker than with other 
wireless technologies. 


Wireless communication | Can be seen as less 
so no cabled connection | secure as user does not 
is required. need to authenticate the 


pairing of devices. 


Fast method of data Users are concerned that 
transfer. the technology could be 
Figure 13.1: Emerging technology. used to steal their data. 
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RO 


Present in many modern 
mobile devices so 
is becoming more 
universal. 


Does not require an 
internet connection. 


Does not require a 
paring code. 


Kà 


Table 13.1: Advantages and disadvantages of NFC. 


Figure 13.2: Data sharing with NFC. 


Passive NFC chips 


There is a growing use of NFC by organisations to 
distribute data. Passive NFC chips can be built into 
information points in buildings and used to provide 
visitors with necessary information. Their use in this 
way is similar to QR codes, but without the need for 

a QR code reader, and with a more efficient process. 
Instead of having to open a QR reader application and 
wait a few seconds for the code to scan, a user with 

an NFC enabled device can touch their device to the 
information point and receive the data almost instantly. 


Question 
1 How could NFC be used in a hospital? 


Electronic wallet 


One of the fastest developing ways of using NFC is the 
electronic wallet. NFC chips are built into many credit 
cards. This is the technology that enables individuals 

to make contactless payments. The NFC technology in 
mobile phones and smart watches is also beginning to be 
used by companies like Apple, for services such as Apple 
Pay. This enables the user to use NFC technology in 
their mobile device to make a contactless payment. 


How do you feel about your mobile device and 
NFC becoming your electronic wallet in the 
future? 


PRACTICAL ACTIVITY13.01 


Use the internet to research how computer 
games, such as Skylanders and Disney Infinity, 
make use of NFC technology. 


13.2 Ultra-high definition 
television systems 


The quality of the image produced by a television 
system often depends on the resolution of the screen. 
The resolution of a screen is measured in pixels. It refers 
to the number of pixels wide and the number of pixels 
high that a screen can produce. 


Standard high definition (HD) was once thought to be 
the highest quality that a picture could be displayed. 
This has a resolution of 1920 x 1080. However, 4K 
and, more recently, 8K screens have been developed and 
produce ultra-high definition (UHD). The resolution of 
4K screens is 3840 x 2160. This is double the number of 
pixels than HD. This allows a sharper, clearer image to 
be created as the level of detail that can be replicated is 
greatly increased. 8K is double the resolution again! 
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Figure 13.3: An example of the difference in pixels used 
between HD and UHD. 


The average user will see a difference in an image or 
video produced by a UHD screen, compared to an HD 
screen. One way to enhance this difference is by viewing 
the image up close on each. The grid-like structure of 
an image will be more visible up close on an HD screen 
than a UHD screen, because the pixels are so much 
smaller on the UHD screen. 


4K television systems are commercially available and are 
beginning to become more commonplace in our homes. 
8K systems are mostly used on a commercial basis in 
applications such as cmema screens. It is possible to 
purchase an 8K television for the home, but there are 
very few entertainment services that can be used that will 
allow this kind of definition to be used. This is because to 
broadcast data to fulfil this level of resolution would require 
a very high-speed internet connection. Most television 
services are still working on managing to broadcast at a 
4K resolution. This requires them to develop a method to 
broadcast four times as much data than it does for HD, if 
the file is considered in its raw form. 


Question 


2 How could a television broadcaster reduce the 
amount of data it needs to transmit, but still 
achieve a 4K resolution? 


2 
Quality of the image is | The technology required 
for UHD screens is more 
expensive to manufacture. 


sharper and clearer. 


Can produce a higher 
level of detail in an 
image. 


It requires a large amount 
of data to be transmitted 
by television broadcasters 
to achieve a UHD image. 


Can improve the An internet connection of 

viewing experience for | at least 25mbps is normally 

the user. required to stream content 
at a UHD level. 


Table 13.2: Advantages and disadvantages of UHD. 


UHD in surgery 


CyberMed NB24k and the Davinci is a medical grade 
computer that has a 4K screen. It is a computer that 

is used in surgical situations to allow surgeons to view 
the surgery in progress. The 4K resolution of the screen 
allows the surgeon to have a higher level of visibility of 
the surgery. This allows the surgeon to have a greater 
level of precision when carrying out tasks such as 
surgical incisions. 


4K televisions systems are increasingly used this way in 
surgery to allow a greater level of precision, and to allow 
the possibility for surgery to be carried out remotely, 
using a very high-quality image. 


Figure 13.4: UHD used for imaging in surgery. 
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Question 


3 What advantages could there be for using UHD 
to allow remote surgeries to take place? What 
disadvantages could there be to such surgery? 


heuristic: the ability to use a value to determine 
which is the best pathway to select 


AI systems are based around the creation of rules. The 


U H D in cinemas AI system uses these rules to make decisions based on 
Cinema saw the first mainstream Hollywood movie to input. It will then begin to adapt the decisions it makes 
be filmed in 8K in 2017, Guardians of the Galaxy Vol. 2. as these rules allow it to learn and make decisions based 
Most cinemas were not able to display the film at this on its own learning. 

resolution, but cinemas are gradually updating their Knowledge engineering is important to the abilities of 
technology to allow future movies to be displayed in 8K. AI. To learn, AI machines need access to a knowledge 
The difference in clarity for the 8K resolution is more base and need to be able to establish the relations 

likely be seen on large screens. Ii wiil create the most between the knowledge available. Machine learning 
visually entertaining experience for the viewer and will is also a core part of AI. This allows AI machines to 
allow a greater level of immersion. establish patterns in the received input that can inform 


f , , i f its ability to analyse and learn. 
The 8K resolution may be the highest resolution that is 


seen for a long time for cinema screens. Visual specialists 
have advised that it is probably the maximum level of 


pixels that our eyes can take, and anything above it Increased level of Requires a high level of 
would go completely unnoticed. precision and accuracy skills to program so can 
as will likely have a lower | be very expensive to 
Ovestion error rate than a human. | create. 
sj Can replace the need The storage 
4 What impact will UHD have on the technology for humans in tedious, requirements for the 
required to create movies, including the computers repetitive or dangerous | program and knowledge 
often used to edit them? tasks. base can be very 


extensive, creating 
greater expense. 


1 3.3 Artificial intelligence Machines do not require | People have ethical 


rest, so can be use and moral issues with 
Artificial intelligence (AT) is one of the fastest 24/7. computers being used 
developing areas of technology. AI is the creation to recreate intelligence. 
of computers that are designed to have human-like ie 
capabilities. AI can react to stimuli and make decisions Can make logical They do not consider 
much like a human does. On a simple level, it is giving decisions, void of emotion when making 


computers the ability to simulate the act of thinking. emotion, so can provide | decisions, so this is 

a rational outcome. not considered. This 
also means they are 
not fully capable of 
human emotions such as 
sympathy and empathy. 


AI is capable of actions such as learning, planning, 
recognising speech and problem solving. One of the 
earliest pioneers of AI was Alan Turing. During World 
War II he cracked the Enigma code, the code generated 
from the Enigma machine used by the German army to 


communicate, and decrypted German messages about Can analyse large sets As they are 

the war strategies. He became intrigued by the possible of data ina much more | fundamentally based on 
intelligence of machines. This came from the notion of efficient fashion than a rules, this can affect their 
providing machines with heuristic knowledge to enable human. ability to be creative. 


them to make decisions in a more human-like way. 


Table 13.3: Advantages and disadvantages of Al. 
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How do you feel about the reliance of society on 
the ability of artificial intelligence? 


Self-driving cars 


Several organisations, for example, Google and Tesla, 
are developing self-driving cars. Many people find 
driving a car, especially on a long journey, a tedious 
task. Therefore, these companies are trying to create a 
self-driving car that will remove the need for humans to 
drive. They believe it will greatly increase the quality of 
life for humans, especially those that commute by car on 
a regular basis. 


Some people view the development of self-driving cars 
as an advantage. It will remove the possibility that 
people will drive when tired, and remove the emotional 
reactions that drivers can have in certain situations 
encountered on the road. Both of these aspects can 
often cause accidents. Therefore, if they are removed, 
then fewer accidents should occur. 


Some people view the notion of self-driving cars as a 
disadvantage. They believe there are several moral and 
ethical aspects that will occur as a result. One aspect is 
that the quality of the algorithm that the car is based 
upon will be affected by the abilities of the programmers 
that created it. The standard of the programmers involved 
will differ, therefore the quality of the algorithm as a 
result could affect the AI’s ability to make an effective 
decision in critical situations. Another aspect is the 
concept of responsibility if two self-driving cars have an 
accident. Who is at fault and should pay for the damage? 


Scientific analysis 


The level of data produced daily in relation to science 
is phenomenal! Many scientific research organisations 
record terabytes of data each day. This has caused many 


of these organisations to use AI to analyse the extensive 
amount of data they collect. 


AI is used to identify patterns and trends in the 

data that can then be used to form future scientific 
discoveries or hypotheses. The learning ability of AI can 
also be used to ask the machine itself to provide its own 
hypothesis that can be considered. 


The level of data analysis that can be carried out by AI far 
outweighs the capabilities of a human in this application. 
Therefore, this could mean that scientific discoveries can be 
made quicker and with a greater level of accuracy. 


PRACTICAL ACTI A 


Use the internet to research neural networks and 
how they are used in data analysis. 


PRE TICAL ACTIVITY 13.03 


Discuss with a partner any experience you have 
had with using speech recognition software. 
Discuss whether you think that using speech 
recognition was beneficial or not. Consider 
who could benefit from speech recognition 
software and why. 


13.4 Augmented reality 


Augmented reality (AR) is where technology overlays 
computer-generated images onto a user’s view of 

the real world. It creates an interactive experience 

by enhancing the user’s view of the real world with 
multimedia elements such as text, sound, animations 
and video. 


AR is a relative old technology. It has been in existence 
since the 1960’s, but it is an example of an emerging 
technology that is only just starting to realise its 
potential. The technology commonly makes use of 

a digital camera and sensors to read data from the 
surrounding environment. It then uses a method of 
output to display the augmented reality. 


AR can be created with mobile devices such as 

smart phones. It can also be created with pioneering 
technology such as smart glasses. If you have watched 
a science fiction movie, you have probably seen an 
example of augmented reality in action, for example, as 
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a head up display in an aircrati or a vehicle. This type G am i na 
of technology is used in the real world, by organisations J 
such as the military, to train professionals such as pilots. One example of AR that continues to develop is its use in 


gaming. Pokémon Go, released in 2016, became a global 
sensation in the gaming world. It allowed players to 
augment their surround reality to find and collect different 
Pokémon. A second AR based game, released in 2019, 
Wizards Unite, augments the world of Harry Potter onto 

a player’s surrounding reality, allowing them to immerse 
themselves in the Harry Potter world. In both cases, players 
use their mobile device to create the augmented reality. 


A 
Can make a learning 
experience both 
entertaining and more 
immersive. 


It is based on the 
collection and analysis 
of data. This has 
caused some peop!e 
to be concerned 
about the privacy and 
security of the data. 


Medicine 


The use of AR in medicine is growing. Technology 

that allows surgeons access to immediate and 

vital information whilst performing surgery is in 
development. Surgeons can wear technology such 

as smart giasses. This technology would allow them 

to request access to any of the patient’s records 
immediately during surgery and they could then see this 
data without having to look away from the surgery they 
are performing. This could also allow data such as scans 
of the patient to be superimposed onto the patient to 
allow a surgeon to clearly visualise the issue they are 
addressing in surgery. 


Can be used to simulate 
and communicate 
immediate information, 
creating a better 
experience when used in 
a learning and training 
capacity. 


Some people believe 
that it can modify a 
person's perception of 
reality and can cause 

j a blurred distinction 
between the two. 


The technology 
required to process 
the data needed 
for a smooth AR 
experience needsto | 
be fairly powerful. This 
type of technology 

is expensive to 
manufacture. 


Can allow a user to 
simulate everyday 
experiences in an efficient 
manner. It can allow a 
shopper to simulate trying 
out different clothing and 
hairstyles, without actually 
changing their clothing or 
hairstyles. 


PRACTICAL ACTIVITY 13.04 


Can be used to allow a 
user to navigate a new 
place, helping them to 
easily find the services and 
attractions they require. 


Research which companies are developing smart 
glasses and what they intend their uses to be. 


| 


Table 13.4: Advantages and disadvantages of AR. 


Find out how IKEA are allowing users to make 
use of AR. 


13.5 Virtual reality 


Virtual reality (VR) allows a user to experience a 
computer-generated reality that doesn’t immediately 
exist in their real-world reality. A computer is used to 
generate a 3D space of a digital reality. The user is then 
immersed into this computer-generated reality, often 
through the use of a headset. The headset will normally 
incorporate a visual display and headphones to allow a 


= 


Figure 13.6: Augmented reality. fully immersive experience for the user. 
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Whilst wearing the headset, a user can then walk around 
the computer-generated reality and interact with it. The 
headset uses two camera feeds, one for the left eye and 
one for the right, in an attempt to mimic the human field 


of vision. 


VR is becoming a more prominent technology in the 
gaming world, with the release of technology, such as 
PlayStation VR, allowing users to enjoy an even greater 
iminersive experience. 


Can be used to simulate 
critical situations for 
organisations such as 
hospitals and the military, 
to provide a training tool 


skills required for dealing 
with the crisis. 


Can be used to provide 
a very immersive 
experience into a 
different reality than the 


immediate real world. 
This can enhance the 
gaming experience. It can 
also provide a relaxing or 
calming environment, to 
help people with stress or 
mental health issues. 


Can help build a person's 
confidence if they can 
replicate a situation that 
allows them to practise 
for a certain scenario. 


Achieving pertect 
calibration between the 
cameras and the user 
can be very difficult. If it 


| is not accurate enough, 
to develop the necessary | 


it can cause the user to 
get a feeling of motion 
sickness. 


The technology 
required to create 
the VR experience is 
often expensive to 
manufacture. 


Some people think that 
there is a danger that 
people can be seduced 
by an alternate reality 
and neglect their real 
world reality as a result. 


Table 13.5: Advantages and disadvantages of VR. 


Figure 13.7: Virtual reality headset. 
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Scientific research 


Scientific organisations are beginning to use VR in their 
research. In the past, scientists have relied on using 2D 
visualisations of elements, such as atoms and molecules, 
io explore their structure and appearance. VR can 

now allow scientists to create a VR representation of 
this kind of aspect of our world that they can interact 
with and see an immersive visual representation of 
their research. They could use this kind of technology 
to combine molecular structures to see what affect it 
will have. This may help in the development of new 
medicinal drugs to treat new and existing medical 
conditions. 


Tourism 


Organisations around the world are using VR to allow 
users, particularly those who have disabilities and are 
unabie to travel, to experience a computer-generated 
reality of tourist attractions. It could allow the users to 
experience a walk around the ancient ruins of Rome, or 
to admire all the art at the Louvre. 


This type of technology can allow people to experience 
many tourist attractions around the world that they 
would otherwise be unable to experience. This can help 
create a better quality of life and can also be used for 
educational purposes in a similar way. 


PRACTICAL ACT AA 


Discuss with a partner what your perfect VR 
world would look like. Discuss whether you think 
it would help your quality of life if you could 
immerse yourself in this world on a regular basis. 


13.6 Robotics 


Robotics involves the study of designing, building and 
the application of robots. A robot is any machine that 
can perform tasks that would otherwise be performed 
by a human. Robots can be programmed to do this 
automatically or through the direct instruction of a 
human. The word Robot has Slavic origins and comes 
from the word robota, which means ‘forced work 

or labour’. 
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Robots seem like a modern-day technology, but their 
origins are quite old. The automation aspect of robotics 
can be traced back to ancient Greece and Rome, where 
there is evidence of automation in toys. This kind of 
automation can be seen throughout history. 


= 


jah 


6 
automation: the ability to operate automatically | 


In the 1960’s robots were introduced on a more 
industrial scale by General Motors. They introduced 
them into their automotive factories and used them to 
move car parts around to make it easier to assemble the 
cars. They are still used in automotive factories around 
the world today and have become a large part of the 


process of constructing cars 


Robots are normally automated using microprocessors 
and sensors. Sensors sample data from the surrounding 
environment and send this to the microprocessor. The 
microprocessor analyses the data and sends signals to 
instruct the robot on what action to take as a result. 


| Can perform tasks that 
might be tedious or 
dangerous for a human. 


Do not require a break, 
so can work 24/7 if 
necessary. 


Can improve a person's 


quality of life. 


| lot prone to error like a 
human can be. 


ae) 


Can be used to replace 
humans in certain jobs 
and may take much 
needed jobs from some 
humans. 


Can be paired with 
artificial intelligence and 


i can therefore learn, but 


are not capable of an 
emotional response. 


Require a constant 
supply of power. This 
can be expensive 
and can have a 
lasting impact on the 
environment. 


Designing and building 
robots requires a high 
level of skill and high- 
quality materials, to 
make sure they are 
reliable. This can be very 
expensive. 
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22 
Can help reduce 
time and costs in 
manufacturing as can 
often complete tasks 
quicker and more 
consistently than a 
human is able to. 


Some humans fear the 
use of robots and do not 
agree with our current 
dependence on them. 


Robotic pets can be 
used to increase the 
quality of life for those 
who are not able to have 
real life pets, due to 
issues such as allergies 
Robotics pets have 

also been used to help 
people with depression. 


Table 13.4: Advantages and disadvantages of robotics. 


Prosthetic limbs 


The use of prosthetic limbs in humans, to replace those 
lost, has been a medical practice for a long time. The 
use of prosthetics is now in further development due 

to the use of robotics. Robotic prosthesis is a rapidly 
developing area in medicine. A robotic prosthetic can be 
connected to a human mind. This can allow a human 

to train their brain to be able to move the robotics in 
the prosthetic, creating a working limb again. This 
advancement in medical technology will vastly improve 
the quality of life for those who have lost limbs. 


Figure 13.8: Prosthetic limbs. 
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Nano-robots 


Nano-robots are robots that have been scaled down to a 
microscopic size. The ability to do this to robots could prove 
to be extremely useful in medical procedures. It could be 
possible to put nano-robots into a human’s blood stream to 
track down and eliminate certain medical conditions. They 
could also be used to perform internal surgery in places that 
are normally very challenging to reach for surgeons. 


Nano-robots could revolutionise cancer treatment, by 
tracking down and destroying cancer cells in the body. 
This could save the lives of many people in the future. 


PRACTICAL ACTIVITY 13.07 AN 


Discuss with a partner about how you feel about 
having nano-robots released into your blood 
stream. Would you fee! this is an invasion of your 
body, or would you teel that it is a very beneficial 
medical advancement? 


tA L ACTIVITY 13.08 


Use the internet to research how robots are 
helping in the fight against environmental issues 
such as climate change. 


Some people are concerned that advancements 
in robotics will one day cause them to take over 
the world. How do you feel about this? 


13.7 Computer-assisted 
translation 


The ability to translate from one language to another 
has allowed a greater level of communication in the 
world. It is an essential process on a global scale for the 
practice of business and politics. 


Computer-assisted translation tools have been 
developed to help support this essential practice. They 
can be used to increase the produciivity and accuracy 
of human translators, especially when vital information 
needs to be translated immediately. 


The tool normally works by providing the software with 
a document for translation. The software will identify 
the text elements in a document and translate them 

into the required language. An important point to note 
about computer-assisted translation is that is a not like 
a human translator. It is a database-driven software that 


matches words to those in its database and is capable 
of using the grammatical rules of a language to piece 


together a translation. 


There are some well known computer-assisted 
translation tools available, such as Google Translate, 


WordBee and memoQ. 


People can get access 
to an instant translation 
of a document from one 
language to another. 
This can save time and 


improve communication. 


It can help reduce errors 
that may be present 

in manual translation 
methods. 


Some people are 
sceptical about 

the accuracy of 

the translation that 
computer-assisted 
translators are capable 
of. 


Some people find 

that certain terms in a 
language are used ina 
context, for example, 


slang or colloquial 
language. Translation 
tools can often struggle 
to interpret these terms 
if used within a certain 
context. 


Translation tools are quite 

widely available and are 

therefore a relatively 

inexpensive tool. Some 

companies offer them for 

tree, for example, Google 
| Translate. 


Table 13.7: Advantages and disadvantages of computer- 
assisted translation. 


Figure 13.9: Language translation. 
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Foreign-language websites 


Computer-assisted transiation can be very useful when 
accessing websites from around the world. If you want 
to use a website from a different country, it is likely to 
be written in the language of that country. This can 
mean that you are not able to read the language it is 
written in. Computer-assisted translation tools can be 
used to translate the website content into the language 
that you require. This can help improve communication 
and make a lot more information accessible to people 
around the world. 


PRACTICAL ACTIVITY 13.09 


Use the internet to find a website that is written 
in a different language to your own. If you do this 
using a search engine, such as Google Chrome, 


this has a built-in computer-assisted translator. 
Ask the translator to translate the website into 
your language. Look at the translation and 
consider how accurate it is. Can you see any 
errors that the translator may have produced? 


Speli checking 


Another way that computer-assisted translation can 
be used is as a spell-checker tool. The database stored 
of all the words for a language can be used to compare 
text that is typed. This will allow the tool to identify 
any words that may be incorrect and offer a corrected 
spelling for them. 


13.8 Holographic imaging 


Holographic imaging is also known as a hologram. A 
hologram is a 3D image that is created using laser beams 
and mirrors. The laser beam is split up by reflecting it 
off mirrors and when they recombine, they create the 
holographic image. 


hologram: a 3D image that is created using laser 
beams and mirrors 


Holograms were originally invented in the 1950’s by 

a Hungarian born physicist called Dennis Gabor. He 
was awarded a Nobel prize in Physics in 1971 for his 
invention and development of the holographic method. 


Laser Half mirror 


Reference beam 
Object beam 


Hologram 


Figure 13.10: Creating a hologram. 


Holograms can be a 2D image that appears to look 3D, 
as it is moved. Holograms can also be an image that is 
actually 3D and free standing. This kind of hologram 
also uses photographic projection. You may have seen 
this kind of hologram appear in movies such as Star 
Wars and Iron Man. 


Figure 13.11: Holographic image. 
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3D projected holograms 
require expensive 
equipment to create. 


A lot of data needs to be 
stored in order to create 
holograms and the cost 
of data storage can 
often be expensive. 


They do not require 
special glasses to view 
the 3D effect. 


They are very difficult 
to replicate so can be 
useful as a security 


measure. 


If is much easier to see 
depth perception on a 
3D projected hologram, 
than in ordinary 3D 
images. 


Table 13.8: Advantages and disadvantages of holograms. 


Security 


Holographic images are used on many items around the 
world. They appear on credit cards, currency and other 
secure documents such as driving licenses and passports. 
They are used as a method of security, to stop fraud, as 
they are difficult to replicate. 


Holograms add an extra layer of security to sensitive 
items and information. This is an important benefit 
as these documents can be the target of many 

acts of fraud. 


Figure 13.12: Hologram used on currency. 


Architecture 


The use of holograms has become more prominent in 
architecture and the construction industry. Holographic 


images can be used to see a true 3D visualisation of 
what a building will look like when constructed. They 
can offer additional benefits over the use of on-screen 
simulated 3D models, which is the older alternative. 
This can help architects of buildings provide further 
understanding to construction companies, by allowing 
them to see an actual representation of what the 

they intend the building to look like. This means that 
construction companies do not need to spend as much 
time deciphering the plans and ideas of an architect. 


Figure 13.13: Hologram of a building structure. 


PRACTICAL ACTIVNY 13.10 


Use the internet to research one other 
application of holographic imaging. Create 

a short presentation that could be used to 
inform the members of your class about how 
holographic imaging is used in this application. 


It may become possible to transmit holographic 
images into individual homes. This means that 
we could actually see a true 3D representation of 
the person we are talking to. How do you think 
this will affect our communication with each other 
and our daily lives? 
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13.9 Holographic data 
storage 


The use of light to store data is common. Optical data 
storage uses light to burn data onto a reflective surface, 
and also uses the reflective properties of light to read 
the daia from the reflective surface. The concept of 
optical storage is also the underlying principal behind 
holographic data storage. 


One possible way of holographic data storage will use a 
laser beam. The laser beam is fired, and it is then split. 
The splitting process is important, as this is what helps 
create the hologram. The split beams will be bounced 
off mirrors and they will both travel to a crystal. When 
the two beams meet again, they will create a hologram 
that is stored in the crystal. 


Detector 


Shutter 


Mirror 


Gating light 


Beam 
splitter 


Figure 13.14: Beam splitter. 


A single storage crystal is about the size of a grain of 
sugar. Each storage crystal could be capable of storing 
a singie terabyte of data. Imagine how much data could 
be stored on a single disk as a result! 


1 
Large arnounts of data 
can be stored on a very 
small medium. 


It is not compatible with 
current methods of data 
storage. This would 
make reading the data 
very difficult. 


It will make the storage | The technology required 


of large amounts of data | to use holographic data 


storage is currently very 
complex and expensive. 


much more portable. 


It is capable of storage 

millions of bits of data at 

a time, making transfer 

rates much faster than 

current methods. 
Table 13.9: Advantages and disadvantages of holographic 
data storage. 


Taking data into space 


Holographic data storage could be extremely useful 
when transporting large amounts of data, for example, 
taking data into space. It can be difficult to send large 
amounts of data into space to a space station that may 
require it. It has to travel a long way and that limits the 
amount of data that can sent at any given time. 


The amount of space available to send items to space in 
a rocket is also very limited. Therefore, if holographic 
data storage could be used to store data that can be 
transported into space, this would enable very large 
amounts of data to be sent with each mission to space. 


Archiving data 


Large corporations often archive large amounts of data. 
This can often be to refer to in future, or sometimes for 
legal reasons. Data storage currently can take up a lot of 
space in a storage unit and to buy or rent the building 
space necessary to hold the large data storage units can 
be very expensive. 


If the size of the data storage units could be greatly 
reduced, through using holographic data storage, this 
could potentially save large organisations a lot of 
money. The CERN data centre, a large particle physics 
laboratory in Switzerland, generates 30 petabytes of 
data a year to be archived. They could definitely benefit 
from smaller data storage units! 


Nn O O O 


297 » 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


2 
The speed at which It has become much 
certain objects can easier to build 
be created is greatly dangerous and 
increased through the counterfeit items, which 
use of 3D printing. causes greater security 
and fraud issues. 


A 3D printer will At present, 3D printers 


consistently create the are only capable of 
exact same product from | creating relatively small 
a model. The level of items. Developments are 
PRACTICAL ACTIVITY 13.11 consistency would be progressing to increase 
much greater than when | the size of the objects 
created by a human. that a 3D printer is 
capable of creating. 


Use the internet to research information about 
the longevity of holographic data storage. 
Much more flexible 3D printing reduces 
when creating complex | the number of 
: š models, especially those | manufacturing jobs, 
1 3.1 0 3D printing that have hollow cavities | as it is able to replace 
within solid parts. the need for humans to 
create the products. 


The concept of 3D printing is now a relatively developed 
technology. It has been in development since the 1980’s. 


It is the appiication of 3D printing that continues to Although the initial 3D printing requires a 
develop. There are increasingly more ways that 3D setup costs will be high, | relatively high level of 
printing is used and many past methods are being the cost of creating power consumption. 

revolutionised. each product with a This can be harmful to 


3D printer will often the environment as it 
be much cheaper increases emissions. 
than alternative 

manufacturing methods. 


At present, ABS filament 
is the most common 
type of material used in 
3D printing. The by- 
product of this plastic is 
increasingly dumped in 
landfill and negatively 
affects the environment. 


Table 13.10: Advantages and disadvantages of 3D printing. 


Figure 13.16: 3D printing. Bespoke prosthetics 

3D printing is a form of additive manufacturing. A 3D The application of 3D printing has revolutionised many 
software-based model is created using computer aided areas of the medical industry. It is possible to print 
design (CAD) software. The data to create this model is bespoke prosthetics, making limb replacement much 
transmitted to a 3D printer. The 3D printer creates the more accessible to many. 

physical model by layering very thin materials, such as 3D-like printing is also being used as a method of 

plastic, to build the model. bio-printing. This is allowing practices such as tissue 
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engineering to be developed. ‘The layer-by-layer method 
used in 3D printing is used in tissue engineering, layering 
biomaterials to create tissue-like structures. This technique 
can also be used to print organs and artificial blood vessels 
that can be used to aid drug and other medical research. 
This reduces the need to harvest organs for medical 
research. The hope is that these biomedical printing 
techniques will lead to the ability to create artificial 

organs that can be used in humans in the future. This 

wiil replace the need to have long waiting lists for organ 
transplantations, due to the need for a human donor. 


Printing in space 

3D printing has become an increasingly valuable 
practice in space. As storage space in a rocket is limited, 
a limited number of items can be taken into space with 
each visit. If a part breaks on a space station, the crew 
may be waiting for a quite a while for the next mission 
to be sent to get a repiacement part. It has now become 
possible to take a 3D printer into space. This means that 
if any parts break on the space station, it is possible to 
print a copy and repair the space station much quicker. 


EAE O 


How would you feel about having a 3D printed 


| artificial organ inserted into your body? 


13.11 Vision enhancement 


Vision enhancement is a field of technology which can 
restore vision, one of our five senses, to those who have 
lost it. Vision enhancement is normally provided in 

the form of a type of glasses or lenses. These alter the 
stimulus that enters through the eyes and filters it in a 
way that can enhance a person’s vision. The glasses or 
lenses can be tailored to the person and their current 
level of vision for greatest effectiveness. 


The ultimate goal of vision enhancement is to be able to 
provide blind people with images of their surroundings 
so that they can work and enjoy themselves just as 
others do. However, this field is not solely focused 

on those who are blind. A recent development in the 
field has allowed those who are colour-blind to see the 
world in the same way that everyone else sees it. This 
means that they are better able to distinguish between 
colours and in some cases see new colours that were 
muted before. 
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Vision enhancement can also be used to enhance the 
vision of all in situations where visibility is limited, for 
example, in the dark. Two types of vision enhancement 
that can be used for these situations are night vision 
and thermal vision. Night vision devices, such as night 
vision goggles, operate by collecting all available light, 
including infrared light and ultra-violet light, and 
amplifying it to create a more visible image. Thermal 
vision devices, such as thermal vision goggles, operate 
by using thermal imaging technology to capture the 
infrared light emitted as heat by objects such as humans. 


It can improve the vision 
of those with limited or 
poor vision, which can 
provide them with a 
better quality of life. 


It can improve the vision 
of those who are colour 
blind, allowing them 

to see a greater scope 


The technology 
involved is expensive to 
manufacture. 


The use of night and 
thermal vision devices is 
limited or illegal in some 
countries. 


of colours, and colour 
correct the issue they 
may have. 

It can help improve 
visibility in scenarios 
where visibility is limited. 


Table 13.11: Advantages and disadvantages of vision 
enhancement. 


Improving vision 


People with poor vision can wear a headset that allows 
images of a person’s surroundings to be projected inside 
the headset in front of their eyes. This allows them 
greater awareness and vision of their surroundings, 
allowing them improved navigation. 


Seeing in the dark 


Night vision and thermal vision devices are often used 
by military, to allow soldiers to have enhanced visibility 
at night. This can aid strategy necessary in combat, 
making it possible for soldiers to move around or assess 
a dangerous situation, at a time when they will be less 
visible also. 
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Do you think it is ethical for people to be able to 
use night vision and thermal vision devices? 


13.12 Wearable 
computing 


Wearable computing can take many different forms. One 
of the most common items of wearable computing is 

a fitness tracker. These are used by many people to see 
how many steps they have taken during a day, and often 
provide other health information, such as how many 
calories they have burned. 


Wearable computing refers to clothing or accessories that 
have some form of computer-based components embedded 
into them. This could include glasses, headsets, watches, 
t-shirts and any other item that can be worn. Some of these 
serve a functional purpose that will provide information 

to the user, some are merely to look stylish and fashionable. 


Figure 13.18: Wearable technology. 
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2 
It allows greater access 
to important statistics obsessed with their 
regarding our daily health. | health statistics, which 
This can improve our ability | can lead to damaging 
to monitor our health. thoughts. 


Users can become 


Users can sync their fitness | There can be 

devices together and can | compatibility issues 

encourage each other and | between devices, such 

set each other challenges, | as fitness trackers and 

improving people's mobile phones, that 

motivation to exercise. may mean data cannot 
be shared between 
them. 


It can aid communication 
by allowing a user to 

see alerts for any text 
messages or emails that 
they have received, on the ‘average’ person 
their wearable device. and not the bespoke 
Some can even be used to | health of each person. 
make telephone calls. This 

removes the need for the 

user to take their mobile 

out of the pocket or bag. 


The accuracy of some 
health trackers can be 
dubious, as they are 
designed to monitor 


Some people are 
concerned about the 
security of their data 
that is gathered by 
their wearable device. 
It is also possible for 
companies to use the 
data that is collected 
for marketing 
purposes, which users 
may not be aware of. 


Table 13.12: Advantages and disadvantages of wearable 
computing. 


Exercise brings rewards 


Companies are now providing employees with health 
trackers and rewarding them for the amount of exercise 
they record. They are provided with points for the steps 
that they record each day and these points can be spent 
on rewards for the empioyee. Rewards can often be in 
the form of gift vouchers for the employee, or a choice 
of products they are able to purchase. 


Co NO e E 
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Monitoring health issues 


Heath trackers can also be used to monitor those with 
serious health issues. A user could have their heart rate 
constantly monitored, and if they have a heart issues, 
the device could be set to alert a medical professional 
or family member the instant that medical assistance is 
required. 


TICAL ACTIVITY 13.12 


Use the internet to research how wearable 
technologies are being developed to monitor 
other health issues, such as diabetes. 


How do you think cur world will continue to 
change through the development of emerging 
technologies? 


13.13 Environmental 
issues 


Whilst emerging technologies can be used to create many 
positive impacts on our lives, there is always the issue they 


can cause for our environment. The more we use and rely 
on technology, then more power consumption we will 
create. This will increase the level of emissions created in 
order to continue to power all our technology. 


Despite the environmental issues that the power 
consumption of technology can create, some of 

these emerging technologies can be used to aid our 
environment. AI can be used to monitor current trends 
and patterns in our environment, and predict future 
trends. This can help identify information that could be 
useful to governments, so they can prepare for natural 
disasters and adverse weather possibilities. It could also 
be used by industries, such as farming, so that they can 
create the best conditions for their crop growth. 


There will always be the added issue of e-waste from 
people throwing away technology in favour of new 
technology. This discarded technology often ends up 
being disposed of in landfill, where harmful metals from 
the technology can leach into the soil and infiltrate water 
supplies. Governments around the world are trying to 
encourage the recycling of technology to limit the issue 
created with this kind of disposal. 


REFLECTION 


What do you think could be done to limit the 
disposal of old technology into landfill? 


ee — ———_—_— 


EXAM-STYLE QUESTIQWS 


1 Identify one advantage and one disadvantage to the user of wearable technology such as a health tracker. [2] 
2 Explain three ways that 3D printing can be used in medical circumstances. [3] 
3 Explain two edvantages to a surgeon of using ultra-HD technology when performing surgery. [4] 
4 Explain two disadvantages that emerging technologies have on the environment. [4] 
5 Descrive now near field communication (NFC) can be used in electronic payments. [3] 
6 Discuss the impact on employees of the use of AJ in manufacturing. [8] 
7 Evaluate the potential impact on an organisation of using holographic data storage to archive data. [6] 


SUMMARY CHECKLIST 
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&CTom lunications 


By the end of this chapter, you wiil be able to: 


know and understand tne different types of network, their characteristics and uses, and their advantages 
and disadvantages 


know and understand the role and operation of different components in a network 

know and understand the different types of network server, their role and operations in a network 

know anc! understand the characteristics, uses and advantages and disadvantages of cloud computing for 
a given scenario 


Know and understand about data transmission across networks; speed of transmission; bandwidth and bit 
rate; and data streaming Fs Pi ' 


iA 
know and understand different methoc's ot routing data over a network, including packet switching, circuit ~ 
switching and message switching, and the purpose and use of network addressing systems a 
know and understand the definition of a network protocol and the purpose anc! use of protocols in the A . 
preparation, addressing, sending and receiving of data across a network, including the internet 


Q know and understand about the management of network traffic; static and dynamic routing; the function 
of routing protocols; ana the use of layers in protocols 


BEFORE YOU STAR 


14 Communications technology 


Do you have a basic understanding of a LAN, a WAN and a range of network topologies? 


Do you have a basic understanding of a range of network components including hubs, switches, routers 


and bridges? 


Do you have a basic understanding of security methods that can be used in a network? 


Introduction 


Until the 1990’s, most computers found in the home and 
even in a workplace were stand-alone computers. This 
means that they were not connecied to other computers. 
When computers are connected together, a network 

is created. This can be as simple as connecting two 
computers together. 


LA 


network: two or more computers or devices 
connected together so they can communicate | 
ana share data and resources | 


The primary reason why we create networks is to share 
data and resources, and to communicate with each 
other. There are three fundamental aspects to a network. 
These are the network components, the structure of the 
network and the protocols used. Protocols are vital in 
the effective transfer of data across a network and there 
is a wealth of them that have been created to make sure 
this is done efficiently and securely. 


PRACTICAL ACTIVITY 14.01 


Use the internet to research information about 
ARPANET, one of the first networks created. 


14.1 Fundamental 
network models 


There are two fundamental network models that many 
networks are built upon. These are the transmission 
control protocol/internet protocol (TCP/IP) suite and 
the open systems interconnection (OSI) model. Both 
outline rules and standards about how communications 
should take place over a network. Each is split into 
several layers. This is so that each layer can operate 
independently of another, which allows the functions 
that take place at each layer to be easily adapted, if 
necessary. 


The OSI model has seven different layers: 
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Application | This is the top layer of the model that directly interacts with data from the user. Software 
applications, such as web applications and email clients, rely on the applications layer to 
| communicate. However, user applications, such as word processing packages, are not included 


l in this function. 


The applications layer is responsible for managing the protocols that allow meaningful data to be 
presented to the user. It manages pests cols such as hypertext transfer protocol (HTTP) and simple 
mail transfer protocol (SMTP) (you will learn about the function of these later in the chapter). 


Presentation | The primary function of the presentation layer is to prepare data ready for use in the 
applications layer. This could involve the translation, encryption and compression of data. It 
makes sure that the data is translated into a form that will be understood by the receiving 
device. If the devices are communicating over a secure connection, the data will be encrypted. 
It will also decrypt any data that is received. It will also compress any data that is required to 
increase the speed of transmission. 


Session This layer is responsible for opening and closing communication links between devices. The 
time that passes between a communication link being opened and closed again is called a 
session. This layer makes sure that the session is open for long enough to allow all the data to 
be e transmitted and then closes it immediately, as soon as transmission is completed. 


Transport This layer is responsible for breaking down the data from the session layer into segments. 
| These segments are then given to the network layer. It is also responsible for reassembling the 
segments at the receiving device. This layer is also responsible for flow control (the best speed 
for transmission) and error checking. !t checks that all the data has been received and will 


request a retransmission if it is not complete. 


Network The network layer breaks down the segments from the transport layer into smaller units, known 
as packets. It is also responsible for reassembling the packets after transmission. This layer is 
also responsible for routing, which is the process of finding the best path across the network. 
The network layer performs these tasks when data is transmitted from network to network. A 
router is one of the key network components in this layer. You wil! learn more about the role of 


a router later in the chapter. 


This layer performs a very similar role to the network layer, but rather than transmitting data from 
network to network, it is responsible for transmitting data from node to node within a network. It 
takes the packets created at the network layer and converts them into frames. A switch is one of 
the key « components in this layer. You will learn more about a switch later in the chapter. 


Data link 


Physical This layer involves the physical equipment that is used to transmit the data, such as the 
cabies. In this layer, data is broken down into bits to be transmitted as binary. This layer is also 


| ; : ie aie 
į responsible for reassembling the bits into frames, after transmission. 


Table 14.1: Layers in OSI model. 


packet: a unit of data in data transmission 


router: a network component that uses a computer's IP address to send data packets to a destination 
outside the current network 


switch: a network component that uses a computer's MAC address to send data packets to a destination 
within a network 


Copyright Material - Review Only - Not for Redistribution 


14 Communications technology 


The OSI model is a logical model that can be applied 
when creating a network. An alternative setup is the 
TCP/IP model. In its basic form the TCP/IP model is a 
condensed version ot the OSI model. It has four layers, 
rather than the seven outlined in the OSI model. The 
TCP/IP model was developed by the US department of 
defence and is intended to be a more advanced version 
of the OSI model. 


The four layers of the TCP/IP protocol are: 


This layer condenses the role of 

the application, presentation and 
session layers from the OSI model. It 
uses several protocols to provide a 


standardised exchange of data. The 
protocols it uses include HTTP, SMTP, 
post office protocol (POP) and file 
transfer protocol (FTP). You will learn 
more about the function of these 
protocols later in the chapter. 


į This layer is comparable to the 
layer transport layer in the OSI model. It 
is responsible for maintaining end- | 
to-end communications between 
devices. There are two main 

protocols that are used at this level. 
The first is the transmission control 
protocol (TCP) and the second is the 
user datagram protoco! (UDP). You 

will learn more about the function of 
these protocols later in the chapter. 


Network This layer can also be known as the 
layer internet layer and it is comparable to 
the network layer in the OSI model. 

It breaks data down into packets and 
transmits it network to network. There 
are two main protocols that are used 
at the level. The first is the internet 
protocol (IP) and the second is the 
internet control message protocol 
(ICMP). 


This layer can also be known as the 
physical layer and it condenses the 
role of the data link layer and physical 
layer from the OSI modei. A protocol 
used at this level is the address 

resolution protocol (ARP). 


| Link layer 


Table 14.2: Layers in TCP/IP model. 


14.2 Structure of a data 
packet 


The prime function of a network is to transmit data 
from one device to another. In order to begin to 
understand how this occurs and how networks are 
structured, it is important to understand how the data is 
packaged to be transmitted across the network. 


A data packet is normally the smallest unit of data that 
is sent across a network and it contains several elements. 
These elements can depend on the network used to send 
the packet. For example, if a packet is sent using the 
internet, it will contain more elements to allow to it to 
be directed to the right place. All the normal elements 
of a packet of data are the header, the payload and 

the trailer. 


The header could include: 


e the iP address of the sender. This is called the 
source IP address. 


» the IP address of the receiving device. This is called 
the destination IP address. 


e the sequence number of the packet. This is so the 
receiving device can reorder the packets to obtain 
the original data. 


e the MAC address of the sender and the receiver. 
If the packet passes through a router, these will be 
removed, as they are no longer necessary, as they 
are only used by a switch. You will learn the roles 
of a router and a switch later in the chapter. 


e any protocols used. 
The payload will include: 


e the actual data from the file that is being 
transmitted. 


IP address: (Internet Protocol address): a 
unique address given to a device, normally 
by a router 


MAC address: (Media Access Control address): 
a unique address given to a device by the 
manufacturer 


— N ăn l 
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The trailer could include: 


e a flag that tells a device it has reached the end of 
the packet. 


e any error checking methods that are used. 


The data sent in the header and trailer are all designed 
to make sure that payload data arrives at its intended 
destination without any errors. 


14.3 Transmitting data 
packets 


The term used for transmitting daia packets across 
a network is switching. There are three main types 
of switching, circuit switching, packet switching and 
message switching. 


Circuit switching 


In circuit switching, a direct path is created between the 
sending and the receiving device. These are dedicated 
pathways to transmit the data packets from one device 
to another across the network. The data is transmitted 
each time using this dedicated path. 


Switch 


Switch 


Switch : à 
Computer B 


Computer A 


Switch Switch 


Figure 14.1: Circuit switching. 


Whilst data is being transmitted from computer A to 
computer B, no other computers in the network can 

use the same pathway. When the data transmission is 
completed, the path is then released for use by other 

data transmission across the network. 


fF UN 
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Packet switching 


In packet switching, the data packets sent across the 
network can take any available path. There is no set 
pathway and each data packet could be sent along a 
different pathway. In the diagram in Figure 14.1, data 
packets sent from Computer A and could be sent via 
any of the five switch components in the network. 
The packets will be collated and reordered when they 
reach Computer B. Packet switching is normally used 
when packets are sent across the internet. In this case, 
they will be sent via routers. You will learn later in the 
chapter how routers are used in this way. 


There are two main methods of transmission in packet 
switching. These are connection-oriented (also known 
as virtual circuit switching) and connectionless (also 
known as datagram switching). Frame relay and 
transmission control protocol (TCP) are two types of 
connection-oriented packet switching. Ethernet, internet 
protocoi (IP) and user datagram protocol (UDP) are 
types of connectionless packet switching. In connection- 
oriented packet switching, a session is created before 
any data is transferred. This becomes a fixed channel for 
the data to travel. In connectionless packet switching, 
there does not need to be any prior arrangement set up 
between devices to transmit the data. 


Connection-oriented 


In frame relay, data is separated into 
units called frames. Any methods of 
error correction that are used are carried 
out by the devices at the end points of 
transmission, which is one advantage 

ot frame relay, as it helps speed up 
transmission. 


If an error is detected in a frame, that 
frame is dropped. The devices at the 
endpoints will then detect the dropped 
frames and retransmit them. This makes 
frame rate most suitable for sending data 
where the error rate is likely to be low. 


There are two main methods of 
connection in frame relay. The first is 
permanent virtual circuits (PVC), which 
are connections intended to exist for 
long periods of time, even if data is not 
currently being exchanged. The second 
is switched virtual circuits (SVC), which 
are temporary connections designed to 
| exist for a single session. 
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In this protocol, a connection is created 
and maintained until the application 
software at each endpoint have finished 
exchanging data. 


It determines how the data is broken 
down into packets, which it gives to 
and receives from the network layer in 
the TCP/IP model. It is responsible for 
providing error free data transmission 
and managing the flow of the data. 


Table 14.3: Connection-orientated packet switching 
methods. 


Connectionless 


tN 
This is a traditional protocol used to 
connected devices, using a wired 
connection, to form a network. It makes 
sure that network devices format and 
transmit data in a way that other devices | 
on the network will understand. 


Ethernet 


Most networks that are set up within a 
home or school are likely to use ethernet. 


This is the protocol that is used when 

data is sent across the internet. It is 

the protocol that is responsible for 

delivering the packets of data to the 

receiving device. 

UDP This is an alternative protocol to the TCP. 
There are two main differences between 
this protocol and the TCP. The first is 
that this protocol sends the data in units 
called datagrams. The second difference 
is that this protocol does not control the 
flow of data or carry out error checking. 

For this reason, the exchange of data | 

using UDP is often faster than using TCP. 


Table 14.4: Connectionless packet switching methods. 


Message switching 


Message switching is a little like an intermediate method 
between circuit switching and packet switching. It is 
like circuit switching in that al! the data packets are sent 


along the same path, and it is like packet switching in 
that any path from Computer A to Computer B can be 
taken. The data packets are sent from Computer A to 
the first switch device. The device holds the data packets 
until all of them have arrived. This switch then sends 
the data packets onto the next switch, which holds onto 
the data packets until all of them have arrived. The data 
packets are sent from switch to switch in this way, until 
they reach Computer B. This is known as the store and 
forward method. 


PRACTICAL ACTIVITY 14.02 


Draw a diagram to represent the method of 
message switching. 


14.4 Network structures 


There are several different structures that can be used 
to create a network. You are going to learn about six 
different structures. 


Peer-to-peer 


A peer-to-peer network is one that contains computers 
known as peers. A peer-to-peer network can be as 
simple as two computers connected in a home. It can 
also be as extensive as hundreds of peer computers 
connected using the internet. The main reason that peer- 
to-peer networks are created is to share data. A peer- 
to-peer network has a decentralised structure, which 
means that is doesn’t have any central point of control. 
Therefore, each peer in the network has the same level 
of responsibility and capability. 


peer: a computer of equal importance in a peer- 
to-peer network 


Each user in the peer-to-peer structure stores data 

on their computer. They can choose to keep this data 
private, which means other peers in the network are not 
able to view it. They can also choose to make the data 
public, which means that other peers in the network 
are able to view the cata too. If a peer computer in the 
network has a peripheral, such as a printer attached to 
it, the user can make the printer public so that other 
peer computers can print to it also. 


Nn o űl 
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Peer-to-peer networks have evolved into being used as a 
file sharing system for digital media, such as sound and 
video. Sound and video files are accessed by users using 
a dedicated peer-to-peer software. The software links 
people who have the files with people who want the files, 
so that the data can be exchanged. This method of file 
nvag 
Relatively cheap to setup as no need 
to buy expensive servers. 


Requires little technical knowledge to 
set up. 


Users are able to share data and 
resources. 


place. 


Often has less traffic than the 
alternative client-server structure. 


Users have fu!! control over the data 
stored on their computer. 


If a peer computer fails, this will only 
have a minor effect on the rest of the 
peers in the network. It will just mean 


that any data that the user had made 
| public will be temporarily unavailable. 


Table 14.5: Peer-to-peer network advantages and disadvantages. 


sharing has proved controversial because of its use in 
the piracy of music and movies. 


There are several advantages and disadvantages of a 
peer-to-peer network: 


If a peer computer is being accessed by another peer computer, it can 
affect the performance of the computer and cause it to run slower. 


The data stored on each peer computer is not centrally backed up by 
the network. Therefore, if a peer loses the data, it is lost for everyone, 
unless they have a copy saved locally on their computer. 


The public files shared by a peer computer may be disorganised and 
difficult to navigate, because there is no central organisation system in 


Each user in the network is responsible for the security of their peer 
computer. If users are not vigilant, and their computer gets a virus, this 
could be passed to other peer computers in the network. 


PRACTICAL ACTIVITY 4@03 


Draw a diagram to represent a peer-to-peer 
network. The network must contain four 
computers and a printer and a scanner. 


Client-server 


A client-server network is one that contains two types 
of computers, a client and a server. The server or servers 
in a client-server network are a central point of control 
and provide a dedicated function for the network. All 
other computers in the network are called clients. The 
client computers in the network are ali connected to the 
server to allow it to perform its dedicated function. 


Most client server networks operate using a request- 
response method. A typical operation in this method is 
a client sends a request to a server to ask the server to 
perform a task and the server responds by performing 
the task. 


KEY WORDS 


client: a computer in a network that is not a 


central point of control 


server: a computer in a network that is a point 
of control 


There are several types of server that could be included 
in a client-server network that perform a dedicated 
function. These include: 
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File server Stores and manages data files. This saves the need for extensive storage space on client 
| computers. They allow a user to use any client computer in the network and still be able 
to access their files and also any publicly shared files available. They also allow a central 
backup of all data to be made. 


Web server Stores, processes and transmits web pages. 


Sends and receives emails. It stores incoming emails for the user that can be downloaded 
when requested. It forwards outgoing messages to the correct destination. Most mail 
servers have security checking software that will scan emails for issues such as known viruses 
and malware. They can also be set to check for inappropriate content and spam. 


Mail server 


Application 
server 


Print server 


Installs and runs software applications. They provide a platform to run both desktop and 
web applications. 


Receives print jobs from client computers and sends them to the correct printer. This allows 
many client computers in a network to use the range of printers available. They can be set 
to print to a specific printer. They can also be set to find the next available printer, or the 
closest printer to the client. If many jobs are sent io the print server at a time, it will queue 

| the jobs until it can deliver them to a printer. 


FTP server Manages the transfer of data that uses the tile transfer protocol (FTP). It keeps a log of all 


activity involving FTP. Uses a lot in the transfer of files over the internet. 


Proxy server 


Acts as an intermediary between clients and other servers by receiving client requests 

and forwarding them on to the relevant server. It provides an added level of security in a 
network, protecting clients directly accessing resources on another server. For this reason, it 
can also be set to act as a firewall. 


Shares the hardware of another server. Created using virtualisation software on another server. 
Multiple virtual servers could be created on one physical server. A virtual server can be given 
the capabilities of any of the above physical servers. Businesses sometimes use third party 
virtual servers that will act as a web server, for the business to host its website. This allows the 
hosting company the ability to host several businesses websites on the hardware of a single 
physical server. 


Virtual server 


Table 14.6: Server types. 


Spreading the functionality of the network across some businesses are planning to have fewer physical 
several servers can help a network run more efficiently. servers and to divide them up into enough virtual 
However, servers are very expensive computers, because servers for the functionality they require. 


of the performance power and sometimes high levels of 


f : There are several advantages and disadvantages of a 
storage space they are required to have. For this reason, 


client-server network: 
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responsible for this. 


kept confidential. 


reliant on each user installing updates. 


Table 14.7: Client-server network aclvantages and disadvantages. 


Files can all be located in a single place and backed up on 
a regular basis. This means each user does not need to be 


Security for the network can be controlled from a central point, 
meaning each user does not need to be responsible fer this. 


Leveis of access can be applied to resources and data on the 
servers, so only those that should have access will do so. This 
is very beneficial when some data and resources have to be 


Updates for any software or network peripherals can be rolled 
out from a central location. Therefore, the business is not 


ach 
Can be very expensive to set up due to the 

| need to buy expensive equipment, such as 
servers. 


Expensive to maintain as specialist knowledge 
is required to setup and maintain the servers. 


Failure of a server will mean that functionality 
is unavailable for all users. For example, no 
user can access their files if a file server fails. 


Servers can be grouped together to provide functionality 
that would be beyond a single computer. As a collective, 
the servers have a huge amount of processing power and 
require a large amount of power to keep cool, so that 
they can all run. Servers that are grouped in this way are 
called a server farm and they can be used to execute very 
large tasks, as all servers can be used to execute one or 
more parts of the task simultaneously. There are often 
thousands of servers present in a server farm. One of 
the largest server farms to exist is owned and maintained 
by Google. It has over 10,000 servers. 


PRACTICAL ACTIVITY 14.04 , 


Draw a diagram to represent a client-server 


network. The network must contain eight 
computers, two printers, a print server and a 
file server. 


LAN and WAN 


A local area network (LAN) is a network of computers 
and other devices that are connected within a small 
geographic area, such as a home, school or small 
business. A LAN could be as simple as two computers 
connected within a home. It could also be as extensive 
as one hundred computers, several peripheral devices 
and other network components, such as switches and 


servers, connected in a small business. Individuals and 
organisations create LAN networks to allow them to 
efficiently share data and resources, such as peripherals. 


A wide area network (WAN) is a network of computers 
and other devices that are connected over a large 
geographical area. The largest example of a WAN is the 
internet. Businesses and organisations, such as banks 
and the police force, use WAN networks because they 
have multiple branches over a large geographical area 
that need to be connected to share data and resources. 
A WAN in these examples is normally a LAN network 
in each branch location that are all connected to 

create a WAN. 


local area network (LAN): a relatively 
small network that is located within a single 
building or site 


wide area network (WAN): a relatively large 
network that is normally two or more LANs that 
are linked 


LAN and WAN networks are set up with a purpose 
to share data, storage and peripheral devices. There 
are several factors that can be considered about their 
structure. 
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Data transfer 
rate 


1Gb per second. 


Data 
transmission 
errors 


is transferred over a shorter distance. 


Method of 
connection 
mixture of all three. 


Security 


Most of the security required is the 
responsibility of the network owners. 


Ownership 


they can control and maintain them. 


Table 14.8: LAN and WAN factors. 


Capable of higher transfer speeds up to 


| Fewer errors are likely to occur because data 


Normally connected using copper wire, fibre 
optic cables or radio waves. It could be a 


Can normally be kept more secure as a 
smaller number of devices need securing. 


Most of the network components and devices 
are owned by the individual or organisation, so 


Often restricted to lower transfer speeds, 
| normally less than 200Mb. 


Greater chance of errors occurring as data is 
transferred over longer distance. 


Connections could include copper wire, fibre 
optic cables, radio waves, microwaves, public 


telephone systems, leased lines, transmission 
towers and satellites. 


More susceptible to security issues as a larger 
number of devices need securing. The organisation 
will normally need to rely on the security measures 
of others for part of the network, so they will not be 
able to conirol security in these areas. 


Elements of the network are often owned by a 
third party, so they have to rely on the control 
į and maintenance of others. 


Virtual private network 


Tndividuals or organisations may want to access 
sensitive data from a remote location to where it is 
stored. It is possible that a request to access this data 
could be intercepted by a hacker. This security issue can 
be overcome by using a virtual private network (VPN). 


To us a VPN, a user needs to open their VPN client. 
This is the software that they have used to create the 
VPN. The VPN software wiii encrypt any data that 

the user wants to transmit before it gets sent across the 
internet. The data wil! first be sent to the VPN server. 
From here, it will be sent to its required destination. The 
data sent is encrypted and the when the data arrives at 
the destination, it only shows that it was sent from the 
VPN server, and not the details of the original sender. 


When data is sent without the use of a VPN, it could be 
intercepted by another user and the contents of the packets 
examined. This would show who sent the data and where it 
is going to. This may mean that a hacker could then use this 
data to hack the accounts of the user. The security of data 
is increased in several ways by using a VPN: 


e The data is encrypted, so even if it is intercepted, it 
will be meaningless. 


e If the data is intercepted between the user’s 
computer and the VPN server, a hacker would not 
know the final destination of the data. 


e Ifthe data is intercepted between the VPN and the 
final destination, the hacker would not know who 
the original sender of the data is. 


Because the VPN server connects to the rest of the 
internet on your behalf, this adds a level of security and 
privacy to data that is beneficial to both an individual 
and an organisation. 


DS 
Data is encrypted before 
it is sent across the 
network. 


In some countries the 
use of a VPN is illegal or 
controversial, as some 
people can use them 

to create anonymity in 


certain criminal activity. 


The identity of the 
sender is kept private 
from the destination 
and any hacker who 
intercepts a data 
package. 


The security of the data 
is reliant upon a third 
party and their ability to 
create effective software 
and maintenance of the 
VPN server. 
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There is often a cost 
involved in purchasing 
a VPN. This could be 
a monthly subscription 


The maintenance of the 
VPN server is noi the 


responsibility of the user, 
so they do not need to 
think about this. fee. 


Table 14.9: VPN advantages and disadvantages. 


Mobile network 


A mobile network (also called a cellular network) 

is a wireless WAN that uses radio to transmit and 
receive communications from portable devices, such as 
smartphones. Mobile networks now cover a considerable 
amount of the inhabited areas of world. 


Mobile networks are broken down into small areas 
called cells. At the heart of each cell is a radio base 
station that transmits and receives messages. The base 
stations connect to public telecommunications services 
allowing access to the internet. 


Cells vary in size: 

e  picocells cover an area of less than 200 metres 
e  microcells cover an area up to 2 kilometres 

e  macrocells cover larger regions. 


There have been several generations of mobile networks, 
each providing faster access speeds and greater reliability: 


e 1Gnetworks — This is the first generation of mobile 
networks. They use analogue signals. 1G networks 
are largely limited to voice aiid text message 
communications. 

e 2G networks — This is the second generation of 
mobile networks. They switched from analogue 
to digital transmission, improving signal quality. 
2G networks were able to connect with each other, 
allowing a phone to use other networks. 


e 3G networks — This is the third generation of mobile 
networks. 3G networks increased data transmission 
speeds up to 2 Mbps, allowing internet access, video 
transmission and online gaming. 

ə 4G networks — This is the fourth generation of mobile 
networks, and is a relatively recent generation of 
mobile network technology. In theory, 4G networks 
allow data transmission speeds of up to 1 Gbps, 
allowing greater use of video streaming facilities. 


e 5G networks — This is the fifth and most recent 
generation of mobile networks. 5G networks offer 
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the fastest and most reliable connections available. 
When they are fully established the average 
download speed should be approximately 1 Gbps. 


They have tested speeds up to 1.5 Gbps at present, 
but could prove to be capable of even faster speeds. 


Mobile networks have their advantages and disadvantages: 


Mobile networks have 
enabled users to communicate 
with others and access the 
internet while on the move, 
often through the use of 
smartphones. 


Quality of 
reception can vary 
and can be poor 
towards the edge 
of a cell, leading 
to interrupted 

or delayed 
transmissions. 


Breaking the network down 
into cells allows for lower frequency must 
power radio transmitters to be | be carefully 
used, bringing energy and cost | planned to avoid 
savings. interference 
between cells. 


The use of 


The technology 
for 5G technology 
is limited at 
present and it 
could take a while 
and be costly 

to make the 
technology full 
useable. 


There are only so many radio 
frequencies that can be used 
for mobile communications. 
These frequencies can be split 
among neighbouring cells, and 
reused in more distant cells, 
thereby increasing the number 
of communications that can 
take place at the same time. 


Larger geographical areas can 
be covered than by using a 
single transmitter. Even high- 
power transmitters are limited 
in range. By using several low 
power transmitters, a wider 
area can be covered. 


The use of multiple 
transmitters means the network 
is more robust. Failure of one 
base station only affects one 
cell, leaving other areas of the 
network unaffected. 


Table 14.10: Mobile networks advantages and 
disadvantages. 


a 
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14.5 Network protocols 


Some of the main network protocols have already been 
discussed. However, there are several other protocols 
that you need to understand. 


These protocols are mainly designed to increase the 
privacy and security of data. They include: 


=, 


Tunnelling | This is a communications protocol that 
allows for the secure transmission of 
data from one network to another. It 
allows private data packets to be sent 
across a public network through a 


method called encapsulation. This is 
when private data packets are made 
to look like public data packets, so 
that they can be sent across a public 
network. Tunnelling is an important 
protocol used in VPNs. 


Secure | This is a network protocol that is 
sockets designed to ensure connections made 
layer (SSL) | between web clients, such as user 


| 
‘ 


devices, and web/mail servers are 
secure. It uses both public and private 
keys to encrypt data that is transmitted 
over the secure connection. It is still 
used in some applications, but it has 
now mostly been replaced by the use 
of TLS. 


Transport | This is a network protocol that is 
layer the updated version of SSL. It uses 
security updated and more secure encryption 
(TLS) algorithms 


Internet | This is a network protocol that is 
protocol | designed to encrypt and authenticate 
security data packets that are sent across 
(IPsec) | the internet. IPSec is also part of the 


| tunnelling process for a VPN. | 


Table 14.11: Network protocols. 


Another protocol that is used in the transmission 

of data over a network is BitTorrent. This is a 
communications protocol that is often used in peer- 
to-peer file sharing. It allows the transter of large files 
such as videos. It does this through distributing the load 
of downloading the file across several sources on the 
network. Several sources (known as hosts) are collated 


to create a swarm. Each host will be given pieces of 
the file. The BitTorrent protocol allows the user to join 
the swarm and download the file from the available 
hosis. The protocol will download the file in pieces, 
simultaneously, from various hosts in the swarm. The 
protocol can then rearrange the pieces to create the 
completed file. 


Each piece of the file is protected to stop it being 
modified by any users. Each user trying to download the 
file is called a peer and each user that is providing an 
upload of the file, as part of the swarm, is called a seed. 


Further network protocols include: 


Internet | This is an error reporting protocol 
control that is used to generate error 
message messages, to transmit to the 
protoco! sender, when network problems 
(ICMP) cause delivery problems with data 


packets. 


Address 
resolution 
protocol (ARP) 


This protocol is responsible for 
translation of an IP address into 
a MAC address for a device. It is 


necessary for use between the 
network layer and the data link 
layer of the OSI model. 


Inverse This protocol performs the 
address opposite role to the ARP. It 
resolution translates a MAC address into an 
protocol IP address. 

(InARP) BE 


This is a network management 
protocol that is used to assign IP 


Dynamic host 
configuration 


protoco! addresses to devices on a network. 
(DHCP) lt manages the assignment of 
the addresses so that a network 
administrator does not need to 
| manually carry out this task. 
Hypertext HTTP is the protocol that is used 
transfer for transferring the content of web 
protocols pages across the internet, from a 
(HTTP and web server to a browser. HTTPS 
HTTPS) is the secure version of this that 


incorporates the use of the SSL 
protocol. 
File transfer 
protocol (FTP) 


This orotocol is responsible for the 
transfer of files between a client 
and a server in a network. 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


f A 
This protocol is used to send 
transfer email from a computer to a mail 
protocol | server, and between different mail 
(SMTP) servers. 


Post office This protocol is used to retrieve 

protocol (POP) | emails from a mail server. When 
the user checks their mailbox, the 
email is sent from the server to 
their device. The protocol then 
deletes the email from the server. 


Simple mail 


Internet This protocol is also used to 

message retrieve email from a mail server. 

access It has one main difference from 

protocol POP and that is that the email is 

(IMAP) not deleted from the server by 
the protocol. The only time it is 
deleted is when the user chooses 
to delete it. 


| This protocol allows a user to 
| connect remotely to another 
computer, using the internet. 


Secure shell This protocol provides a secure 

(SSH) way to access a computer over 
an unsecure network. It does 
this using strong authentication 
and encryption methods tor 
communication. 


Table 14.12: Network protocols. 


14.6 Components in 
a network 


A network can often include several different 
components, that each have a role within the network. 


Network interface cards 
and wireless network 
interface cards 


The first component a device needs to connect to 

a network is a network interface card (NIC). These 
can allow a wired connection to a network, but also 
exist in wireless form as wireless network interface 


cards (WNIC). A NIC is an electronic circuit board 

that is inserted into a device’s motherboard. More 
modern devices can have the NIC already built into the 
motherboard, which removes the need to have a separate 
component. When a manufacturer provides a device with 
a network interface card, it also provides the card with 

a media access control (MAC) address. This address is 
unique to the NIC and is made up of the manufacturer’s 
ID and the serial number. The MAC address is used to 
uniquely identify the device when it is connected to a 
network. A cable, called an ethernet cable, is connected 
into a port on the NIC. The cable can then simply be 
connected to another computer, or to another network 
component, such as a router or a switch. This is the basis 
of creating a simple network of computers. If a WNIC 
is used, rather than a wired NIC, there is no requirement 
for an ethernet cable, as the devices can be connected 
using the wireless capabilities of the cards. 


network interface card: a network component 
required to attach a computer to a network 


Figure 14.2: Wireless network interface card. 


Hubs and switches 


If only a couple of computers are connected in a 
network, a simple ethernet connection between the two 
can be made. If several computers need to be connected, 
a component needs to be used to connect the devices 
and manage the traffic. There are two devices that can 
be used for this purpose. They are a hub and a switch. 


C_N o G O 
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hub: a network component that joins computers 


together and forwards data packets to all 
connected clevices 


A hub is a component in a network to which each device 
is connected using a wired connection. If one device 
wants to send data to another device in the network, 

it will go via the hub. The hub receives the data from 
the sender and then forwards the data on to every 

other device connected to the hub. The other devices 
connected to the hub will ignore the data sent to them 

if they are not the intended destination. The computer 
that is the intended destination will receive the data. 

A hub can be described as an active or passive hub. 

A passive hub will just send the data to the other devices 
as described. An active hub will amplify and regenerate 
the signal used to send the data to make it stronger. 
Because the hub forwards the data to all connected 
devices the process is inefficient. There is lots of 
unnecessary traffic present in the network and this can 
often cause an issue called data collisions. The data sent 
only needs to be received by the intended destination 
device. This inefficiency was recognised and, as a result, 
another network component was developed, the switch. 


yn 


Figure 14.3: Hub. 


A switch is a component in a network that is used in 
the same way as a hub, to connect devices together. 
The difference between a hub and a swiich is the way 
it forwards the data received on to its destination. 

A switch has the capability to examine each data 
packet it receives and forward the data packet onto the 


E 


intended destination only. It knows which device to send 
the data to because, when the devices are connected 

to the switch, it creates a MAC address source table. 
When it receives a data packet, it looks which MAC 
address is the intended destination of the packet and 
then forwards it to that device. This greatly reduces the 
amount of traffic on the network, because data is only 
sent to the destination device, and not to every device it 
is connected to on the network. This also greatly reduces 
the possibility of data collisions occurring. 


Figure 14.4: Switch. 


Repeaters 


As signals sent by devices travel around a network, they 
can be prone to deterioration. This can often occur 
because of interference that can occur in the transmission 
media (the cables that are used to transmit data around 

a network). To try and retain the original quality of 

the signal as it travels around a network, a component 
called a repeater can be used. A repeater can be used at 
various points in a network to boost the signal as it passes 
through the repeater. A repeater can be used to boost a 
wired signal, or a wireless signal, and they are capable of 
retransmitting both analogue and digital signals. 


repeater: a network component that is used to 
boost a signal in data transmission 


Wireless access points 


There may be requirement in a network for devices to 
connect to the network using a wireless connection. 
The network component required for this is a wireless 
access point (WAP). A WAP allows a wireless device 

to connect to a wired network. It receives wireless data 
signals and then uses the wired network to transmit 
them to their destination, often via a switch. It supports 
the connection of multiple wireless devices to the same 
WAP, therefore it connects the devices to the network 


G 
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by effectively creating a wireless LAN. Although a WAP 
will support the connection of multiple devices, they 
often have a limit, for example, 15 to 20 devices. For this 
reason, larger organisations will have multiple WAPs. 
They will distribute these throughout the building 

as the signal strength for connection to a WAP also 
deteriorates with distance. 


wireless access point: a network component 
that receives and transmits radio signals to allow 
wireless (Wi-Fi) connection to a network 


Figure 14.5: Wireless access points. 


Bridges 


Some organisations may have a site for their business 
that has several different buildings. This may mean 

that they have a LAN network that is split up and 
segregated between the different buildings. This can 
result in the parts of the LAN being too far apart 

to operate effectively, the signal can deteriorate too 
much, iravelling from one device to another. The parts 
of the LANs can be connected more effectively using 

a network component called a bridge. A bridge also 
uses MAC addresses to forward data to the correct 
destination, like a switch. It works slightly differently 

to a switch in one way though. It examines the data 
packets it receives, checking them against the MAC 
address source table. If it finds that the data packet’s 
destination is in another segmented part of the network, 
for example, another building on the site, it will forward 


the packet ‘across the bridge’ to that part of the LAN. 
If the bridge finds that the packet’s destination is within 
the same part of the network, for example, within the 
same building, it will just ignore the packet and allow it 
to continue to its destination. 


KEY WORD 


bridge: a network component that connects 
segregated parts of a LAN 


Gateways and routers 


Some organisations may find that they have different 
branches, sometimes within the same city, for example, a 
bank. Each branch will have its own LAN network. The 
branches may want to share data about their customers, 
so they need to connect their LANs together. They do this 
using a component called a gateway. A common gateway 
component that is used to connect LANs is called a router. 


KEY WORD 


gateway: a network component that joins 
different LANs together 


One of the primary roles of a router is to assign each 
device that is connected to it with an IP address. This is 
an address that is unique to the device and can be used 
to identify its location in the network. There are two 
current versions of IP address, IPv4 and IPv6. IPv4 was 
the original version, that is a 32-bit numerical address. 
As more devices connected to the internet, we started 
to run out of possible combinations for IP addresses, 

so IPv6 was developed. IPv6 is a 128-bit address that 
allows for many more possible combinations of IP 
address. An IP address can also be static or dynamic. 

A static IP address means that the device will always 
have the same IP address. A dynamic IP address means 
that the IP address could change for each internet 
session. Most devices operate with a dynamic IP address 
setup. A user will normally need to request a static IP 
address from the internet provider if they want one. 


PRACTICAL ACTIVI 


See if you can find out the current IP address of 
your computer. 


NO O O 
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A router is used to connect LANs and also to connect 
LANs to WANs. A router acts in a similar way to a switch, 
but with two main differences. The first is that a switch will 
only forward on data packets to their destination within a 
single network. However, a router is used to forward data 
packets outside the current LAN to other networks. The 
second is that a switch examines data packets and looks for 
the MAC address to establish the packet’s destination, but 
a router looks for the IP address of the destination device 
and uses this to send it there. Routers use routing tables 

to do this, which allow them to establish the most efficient 
route the data packet should take to reach its destination. A 
routing table is stored on the router and lists ali the available 
routers to particular network destinations. Routers need 

to use routing protocols to specify how they communicate 
with each other. Routing protocols help select the route 
that data travels from one device in a network to another. 
There are three main types of routing protocol — interior 
gateway protocols, exterior gateway protocols and border 
gateway protocols. Interior gateway protocols are used to 
specify how routers communicate with each other within 

a network, such as a local area network. Exterior gateway 
protocols are used to specify how routers communicate 
with each other between different networks. Border gateway 
protocols are a specific kind of exterior gateway protocol 
that manage the process of exchanging packets of data 
across the largest network, the internet. 


Many of us have routers in our home that we use to 
connect our devices to the internet. The router devices 
we have within our home can be quite neat little devices. 
They are often a router and a WAP ali in one. 


14.7 Network 
connections (physical) 


To connect devices together in a network, either some 
kind of wired or wireless connection will be necessary. 


There are three main types of cable that can be used 
to create a wired connection between devices, these are 
coaxtal, twisted pair and fibre optic. 


Coaxial 


Coaxial is a type of copper cable that has a central wire 
surrounded by an insulating layer. Coaxial cables also 
have an outer layer that acts like a jacket. Coaxial cables 
are used to carry radio frequency signals. They are used 
in applications such as TV and Cable TV connections as 
well as some internet connections. 


Low cost to 
manufacture and 
purchase. 


Has the lowest level of 
bandwidth of the three 
cable types. 


The way in which 

a coaxial cable is 
insulated can make it 
difficult to install and 
maintain. 


Lower error rate 


wire is within a faraday 
shield (a special 

shield used to block 
electromagnetic 
interference). 


Table 14.13: Advantages and disadvantages of coaxial 
cable. 


Twisted pair 


Twisted pair is a type of copper cable that has two 
separate insulated wires that are twisted around each 
other. These cables are then covered by an outer layer 
that acts like a jacket. Twisted pair cables transmit electric 
current. They are used for telephone communications and 
normally as part of an ethernet network. 


f 
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Figure 14.6: Twisted pair cables. 
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Crosstalk (a signal 
transmitted from one 
channel to another) is 
minimised. 


Can be susceptible 
to electromagnetic 
interference. 


Has the shortest 
distance that a signal 
can be carried before it 
will begin to deteriorate. 


Is the lowest cost 
to manufacture and 
purchase. 


Has a higher level of 
bandwidth than coaxial. 


Table 14.14: Advantages and disadvantages of twisted pair 
cable. 
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Fibre optic 

Fibre optic is a type of cable that is made up of lots of 
very fine threads of glass. These are covered with an 
outer layer. The use of fibre optic cables is becoming 
more prominent in networks, because they can transmit 
data much faster. Fibre optics cables use the properties 
of light to transmit data. They are used in modern 
internet connections and in high performance networks 
where large amounts of data are transmitted. 


Has the highest cost 
for manufacture and 
purchase. 
| Can be difficult to install 
i due to how fragile the 
| glass tubes can be. 


Has the highest level of 
bandwidth available of 
the three cables. 


Can carry signals for a 
much longer distance 
without deterioration 


Table 14.15: Advantages and disadvantages of fibre optic 
cable. 


14.8 Network 
connections (wireless) 


There are several types of wireless methods that can be 
used to connect devices in a network. These include Wi- 
Fi, Bluetooth, infrared, microwaves and radio. 


Wi-Fi 

Wi-Fi uses radio signals and is the most commonly 

used wireless communication method. Each device that 
wants to make a wireless connection will broadcast 

a radio signal. A router or a WAP will receive these 
wireless signals and process them. The router or WAP 
will also broadcast radio signals that will be received and 
processed by each device when it is receiving data that 
has been transmitted. Wi-Fi currently transmits data at 
frequencies of 2.4 GHz and 5 GHz. These frequencies are 
much higher than those used by mobile networks. These 
are considered high frequencies, which are required to 
send larger amounts of data. The current limit for Wi-Fi 
data transmission is approximately 450 Mbps. 


Severa! wireless capable 
devices can connect to a 
single router or WAP. 


The speed at 
which data can 

be transferred 
decreases as more 
devices connect to 
a wireless network. 


Less secure than a 
wired connection. 


The high level of frequency 
used means that large 
amounts of data can be 
transmitted at a time. 


More recent Wi-Fi standards _ | Radio signals 

are backward compatible with | can be subject to 
previous ones. interference. 

Has quite a large range of 

approximately 100 m. 

It doesn’t require a line of 

sight, so it can work through 

obstacles. 


Table 14.16: Advantages and disadvantages of Wi-Fi. 


Bluetooth 


Bluetooth also uses radio signals to create a wireless 
connection between two devices. It uses the radio 
frequency 2.45 Ghz. To establish a connection, devices 
need to be within 10 m of each other and there is 
currently a limit of eight devices that can be connected 
at any given time using Bluetooth. The two devices 
requesting a wireless connection using Bluetooth must 
have matching profiles. For example, if a mobile device 
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wants to connect to a headset to allow sound to be 
transmitted, they must both have the profile that allows 
this. This is to stop pointless Bluetooth connections 
being made. For example, connecting a wireless mouse 
to a digital camera — the mouse cannot be used to 
control the camera as it is not designed for this function. 


To create a connection, the Bluetooth transmitter is turned 
on in a device. This device will then begin to transmit 

the radio signals. Any device that has a matching profile, 
within range, will pick up the radio signals and will then 
identify with the sender as a possible device to connect 

to. The required device for connection can then be 

chosen. The devices will then be paired together. This can 
sometimes require entering a pin code for added security. 


Figure 14.8: Establishing Bluetooth pairing. 


It requires a low level of 
power consumption. 


Has a limit of 10 m 
for a connection. 


A limit of eight 
devices can be 
connected at a time. 


It doesn’t require a line of 
sight, so it can work through 
obstacles. 


Has a lower level of 
bandwidth available | 
than Wi-Fi. | 


Can be mace more secure 
by requiring a pin code for 
connection. 


| There will be less 
i interference as other wireless 
connections transmit on 

different frequencies. 


Table 14.17: Advantages and disadvantages of Bluetooth. 
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Infrared 


Infrared connections use infrared radiation as their method 
of connection. Two different types of infrared connection 
can be made. These are line-of-sight mode and scatter 
mode. In line-of-sight mode, there must be a direct line of 
sight between the sending device and the receiving device. 
This means that there can be no obstacles in the way. In 
scatter mode, a device broadcasts infrared into a certain 
area and any device may receive it directly or through 
reflection of an obstacle. The sending device will need the 
ability to produce an infrared signal and the receiving device 
needs an infrared sensor to capture the infrared signal. 


Infrared lasers can also be used to transmit data from 
one device to another in a network. The infrared laser 
beam needs to have a direct line of sight in order to be 
able to connect the devices. Laser data transmission 
works in a similar way to fibre optic, in that it uses the 
properties of light to transmit the data. Rather than 
travelling through physical transmission media, like fibre 
optic transmission, laser transmission relies on data 
traveiling through free space. 


It is the most secure Cannot be transmitted 
form of connection. through obstacles. 


If it uses line-of-sight 
mode, there must be 
a direct line of sight 

| between the two devices. 


Low cost to 
manufacture and 
purchase. 


It requires a low level | It can only be used to 
of power consumption. | connect two devices. 


It doesn’t get any It has a short range with 
interference from radio | a limit of approximately 
frequencies. 1m. 
May be subject to 
interference from bright 
sources. 


Table 14.18: Advantages and disadvantages of infrared. 


Question 


1 Identify two examples where an infrared wireless 
connection could be used. 


a 
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There can be security issues associated with the use 

of wireless data transmission. This is because wireless 
connections do not have the same level of protection 

as a wired connection. Wired networks are normally 
limited to the confines of a building or single site, and 
there are often locks and other security methods in place 
to stop an unauthorised person entering that area and 
gaining access to that network. 


As a result, there are two main protocols that are 
designed to improve the level of security of a wireless 
network. These are wired equivalent privacy (WEP) and 
wi-fi protected access (WPA): 


oN 
This protocol is designed to provide a 
wireless network with a compatible level 


of security to a wired LAN. It does this 
by encrypting data transmissions sent 
using a wireless connection. 
WPA This is a standard required of devices 
equipped with a wireless internet 
| connection. It is designed to provide a 


more sophisticated encryption method | 
than WEP. at 


Table 14.19: Wireless security protocols. 


Microwaves and radio waves 


In data transmission, the terms ‘microwaves’ and 

‘radio waves’ are often used interchangeably. This is 
because microwaves and radio waves are both types 

of electromagnetic radiation that can be used to 

transmit data. Microwaves have shorter wavelengths 

and are therefore generaliy used for short-distance 
communications. Radio waves have longer wavelengths 
and are therefore generally used for long-distance 
communications. Considering this, the waves used in both 
Wi-Fi and Biuetooth are technically microwaves. However, 
historically, the term ‘radio waves’ has been applied to the 
technology used in wireless data transmission. 


14.9 Bandwidth and 
bit rate 


One very important factor that affects the performance 
of a network is bandwidth. The bandwidth of a network 


is the measure of the frequencies available on the 
channels of communication in the network. Bandwidth 
is also used to describe the maximum amount of data 
that can be transferred across a network within a given 
time, which is usually one second. Therefore, the more 
bandwidth a connection has, the more data it can 
transfer at a single time. It is a common misconception 
that the bandwidth is a measure of the speed of a 
network. It is not. 


The bit rate is a similar measure to bandwidth, in that 
it is a measure of how many bits of data are transferred 
in a given period of time. It is different from the 
bandwidth in that bandwidth is a term used to describe 
the performance ability of a network, whereas bit rate 
is used to describe the rate at which a particular file, 

for example, a video file, is transferred. The bit rate of 
a transfer will not exceed the bandwidth, because the 
bandwidth will be the maximum possible bit rate. 


bandwidth: the range of frequencies available 
for a communication method which determines 


the transmission rate 


bit rate: the rate at which bits can be transferred 
in data transmission 


An example to demonstrate the two would be that a 
network could have a bandwidth of 100 Mbps but 

a video file that is transterred from one computer to 
another over that network may be transferred at a bit 
rate of 75 Mbps. 


Bandwidth and bit rate are also important when 
streaming audio and video files. There are two different 
types of data streaming — real-time and on-demand 
streaming. In real-time data streaming, the data is 
streamed as soon as it is recorded by the camera (or any 
other recording device that may be used). In on-demand 
streaming, data is pre-recorded and streamed to the 
users device whenever they request the recording. When 
a file is streamed, it removes the need to download 

and store the whole file before it is viewed or listened 

to. Data is streamed as a series of bits to the receiving 
device. The receiving device will have a temporary 
storage area called a bufier. Data will be stored in the 
buffer, as it is downloaded, before it is needed as the 
video is viewed, or the song is played. Data is removed 
from the buffer to be played and simultaneously added 
to be ready to play when required. The bandwidth 
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available will limit the quality of the sound or video file 
that can be streamed. If a user has a connection that has 
a bandwidth of 2 Mbps, it is highly unlikely they will 

be able to stream a 4K movie from an online streaming 
service. The data required to produce each frame in the 
video would be too much to be transmitted using the 
bandwidth available. 


Question 


2 What do you think would happen if a buffer were 
not used when streaming data? 


14.10 Cloud computing 


Cloud computing is a term that is used to refer to 
services that are hosted using the internet. These services 
could include the storage of data and software, and 
access to resources such as servers. 


Cloud computing can be divided into three main 
categories, infrastructure as a service (IaaS), platform as 
a service (PaaS) and software as a service (SaaS): 


In this model of cloud computing 

the host provider hosts some of the 
network resources that are used by 
businesses, such as servers. Businesses 
can gain access to these resources 
using the internet. 


In this model of cloud computing the 
host provider hosts platform resources 
that can be used to build software 
applications. Users can gain access to 
these resources using the internet. 


SaaS In this model of cloud computing 
| the host provider hosts software 


applications and makes them available 
to users using the internet. | 


Table 14.20: Cloud computing categories. 


One of the most common uses of cloud computing by the 
individual is to store data. Many applications now offer the 
service of storing data linked to the application, and other 
personal data, on cloud resources. These are normally a 
collection of servers in a remote location. 


ae) 


There are severa! advantages and disadvantages of cloud 
computing: 


va 
dv 
Individuals and organisations 
į do not need to purchase 
additional hardware to store 
data and software. 


Individuals and 
organisations are 
reliant on a third 
party to keep their 
data secure and they 
have little control 
over the security 
measures that are 
put in place by the 
cloud provider. 


Individuals and organisations 
do not need to host their 
own develooment platforms 
to develop epplications 
software. 


If the resources 
provided by the 
cloud provider fail, 


for example, a server 
fails, then the data 
or software stored 
on that server will 
become unavailable. 


Cloud computing 
resources can 

only be accessed 
using an internet 
connection, so if an 
internet connection 
cannot be found, the 
resources cannot be 
accessed. 


Organisations do not need 
to employ technical staff to 
maintain the hardware used 
to store data and software 
that is provided by the cloud 
provider. 


Individuals and organisations 
do not need to worry 

about creating a backup of 
their data, because this is 
automatically carried out by 
the cloud provider. 


Individuals and organisations 
can access their data and 
software applications from 
anywhere in the world, as 
long as they have an internet 
connection. 


Individuals and organisations 
do not need to worry 

about updating software 
applications that are accessed 
using the cloud, because 

this will be carried out by the 
cloud provider. 


(2 
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Organisations can quickly 
boost the performance of their 
network by empioying more 
resources from the cloud. If 

an organisation is expecting 
more data traffic to their 
server, for example, they are 
having a sale of their products, 
accessed by their website, they 
could increase the capacity of 
the web server to allow it to 
handle the temporary increase 
in traffic. They could then 
reduce it again after the sale, | 
to save costs. 


Table 14.21: Advantages and disadvantages of cloud 
computing. 


Question 

A company creates websites using style sheets. 

3 Describe another scenario that would allow an 
organisation to take advantage of the ability to 
scale up resources using cloud computing 


PRACTICAL ACTIVITY 14.06 


Use the internet to research a news story 


that outlines a security issue caused by cloud 
computing. 


14.11 Satellite 
communication systems 


Earlier in this chapter you learnt about cellular mobie 
communication networks. There is another type of 
mobile communication system that uses satellites 


A communications satellite is a machine that has been 
transported into space and set to orbit the earth. These 
satellites are used to transmit radio waves from one 
place on earth to another. The radio waves that are 
transmitted can carry most things radio waves on earth 
are used for, including telephone calls, internet data and 
television broadcasts. 


RN) 
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Satellites are complex machinery. Their main 
components are a solar powered battery, a transponder 
and various antennas. 


Any data that is intended to be sent using satellite 
communications will need to be converted to radio 
waves. The data is transmitted in the form of radio 
waves from a ground station on earth. This process is 
called the uplink. The radio waves travel through the 
layers of the atmosphere up to the intended satellite. 
This may be a chosen satellite, or the nearest in orbit to 
pick up the radio waves. The antennas on the satellite 
are the component that initially receive the radio waves. 
The transponder processes the data, which can often 
involve boosting the signal. The antenna then transmits 
the radio waves back to the destination ground station 
on earth. This process is called the downlink. 


ACTIVITY 14.07 


Use the internet to research further information 


about what a ground station looks like and how 
they are used. See if you can find out where 
there are satellite ground stations in your country. 


Satellite 


Q 


Ground 
station 


Ground 
station 


Figure 14.9: Uplink and downlink to a satellite. 


Satellites are also used in navigation systems such as 
global positioning systems (GPS). A GPS uses satellites 
to work out a user’s current location. One of the most 
well-known satellite navigation systems is the Navstar 
GPS. This system currently has 24 satellites in orbit. 

At any time on earth, a user will usually be in the 

line of sight for at least 10 of these satellites, however 


a 
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only three or four are actuaily needed to work out a 
user’s location. 


A process called triangulation is used to find the location 
of a user. The user will be in possession of a device, such 
as a mobile telephone, that receives radio signals. Each 
navigation satellite constantly beams radio waves that 
are sent toward earth. A user’s device will receive these 
radio waves. A device must pick up radio waves from 

at least three satellites and the GPS will then be abie io 
pinpoint their location. 


triangulation: the process of pinpointing the 
location of a device, using radio signals from 
a satellite 


D Transmitter 


eee cece eee: Time between satellite and receiver 


@ = Receiver 


Figure 14.10: Triangulation by three GPS satellites. 


If the user’s device receives a signal from satellite 

A, this means they must be somewhere in the area 
currently covered by satellite A. If it also receives a 
signal from satellite B and satellite C, the user must be 
at the point where the area covered by all three of the 
satellites meets. 


Many devices are equipped with GPS devices, including 
mobile telephones and cars. As well as giving the user 
the ability to find out their location, this technology can 
also be used by others for surveillance purposes. It is 
possible to use a GPS to find out where another person 
is by tracking their device. These devices often keep a 
log of all GPS activity, so it is possible for a person to 
gain access to that log and see exactly where the device 
(and therefore possibly the user) has been. 


PRACTICAL ACTIVITY 14.08 


Find out how GPS systems are being tested to 
create driverless vehicles. 


14.12 Network security 


Data is very precious. Some will argue that it has 
become more valuable to companies than resources 
such as oil. Unfortunately, for this reason, there are 
people that will create malicious systems that are 
designed to either steal data, so that it can be used for 
criminal activity, such as identity theft, or to damage 
data, and therefore cause damage to a company, often 
to their reputation. The use of networks, unfortunately, 
has made accessing data through malicious means a 
greater risk. 


There are various risks that users should be aware of 
when using a network. Each of these risks is designed to 
damage or steal data. 


The first risk is malware. A user will normally 
unknowingly download the malware onto their 
computer. The malware is often disguised in a file 
download or a link that the user is enticed into clicking. 
There are several types of malware, these include 
viruses, worms, spyware and ransomware. You can read 


more about these in Chapter 5. 


An attack may come from a single third party and 
computer, or it could be distributed across many 
computers. This type of attack is called a botnet. 

Any user’s computer could be made part of a botnet, 
often by the user downloading malware. Malware is 
downloaded onto the computer and will often stay 
dormant until the third party wants to use the computer 
in an attack. Each computer that is infected with this 
type of malware is called a bot. When the user wants to 
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carry out an attack, they “wake up’ the malware in the 
bots and use them to form a botnet. A botnet can be 
used to carry out attacks such as a distributed denial of 
service (DDoS) atiack. This is when the bots are used 
to send a huge number of requests to a web server all 
at once, causing the web server to struggle to deal with 
all the requests and eventually crash. This will prevent 
legitimate users accessing the websites stored on the 
web servers. 


What impact could it have on a business if 
people are not able to access their website? 


Third parties may also want to hack computers to 
damage or steal data. Hackers will try to gain access to 
a system, normally by installing what is often known as 
a backdoor, in software. This is a mechanism, sometimes 
implemented using malware, or sometimes already 
present in 2 software download (this can be the case if 
the software is not legitimate), that allows a hacker to 
gain unauthorised access to a computer system, through 
the backdoor. 


Third parties may also want to crack into computers 

to damage or steal data. Crackers will try a brute 

force approach to get into a computer by trying many 
different combinations of a password. They can also 
build software that will carry out this function for 

them. This allows them to gain unauthorised access to a 
computer system by using the user’s log-in details. 


Individuals and organisations can put a range of 
preventative methods in piace to help protect their data. 


The simplest form of protecting data is the use of 
physical methods. Organisations can put a barrier to 
entry at the opening of their office or building. They 
could also put a lock on a door to their office or a 
selected area in their office. Other physical methods 
that could be used are CCTV, security guard and alarm 
systems. CCTV will allow an organisation to see who 

is trying to gain unauthorised access. Security guards 
can stand guard and only allow authorised users to gain 
access to a place where the data is stored, for example, a 
server room. Places of this nature could also be secured 
using an alarm system, this will alert the organisation if 
unauthorised access is attempted. 


ACTIVITY 14.09 


There are advantages and disadvantages to 
physical methods for securing data. Complete 
the table to outline what some of those 
advantages and disadvantages could be: 


Physical Advantages Disadvantages 
method 
re | 


Lock 
requiring a 
key or pin 


Security 


Data can also be protected using software-based methods. 


An employee may be required to provide biometric data, 
such as their fingerprint, iris or facial features, to access 
data. A biometric device will scan their biometric data 
and check to see if it matches data stored in a database. 
If it does, the employee will be allowed to gain access. 
Biometric devices are useful because biological data is 
unique to the user and very difficult to fake. Biometric 
devices could also be used to secure individual devices in 
a similar way. Modern mobile telephones have biometric 
devices installed that require a user to provide, for 
example, their fingerprint, to gain access to the device. 


The effects of malware can be prevented by using software, 
such as anti-malware, anti-virus and anti-spyware software. 
This type of software is designed to scan a computer system 
for malware. If it finds any, it quarantines the malware (put 
it in a designated safe area) and allows the user to delete it. 
Software of this nature can sometimes monitor the data 
that is downloaded in real-time. It can scan each download 
and, if it finds malware present, it can alert the user before 
the file is downloaded. The quicker this kind of software 
finds malware, the less damage the malware can carry out. 
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A firewall is another method that can be used to prevent 
unauthorised access or damage to data. A firewall 

can be hardware based or software based. A firewall 
examines incoming and outgoing traffic to a computer 
or a network. The firewall can be set to recognise 
malicious traffic by providing it with rules and criteria to 
check the traffic. If traffic is detected that does not meet 
the rules or criteria, then it can be rejected. 


One way that an organisation can protect data is to only 
allow access to those that directly need that data. This 
is called access rights. The username that an employee 
is given in an organisation is often what indicates their 
access rights. The permission to access the data that the 
employee requires can be attached to their username, so 
they are not able to see any data thai needs to remain 
confidential. This can prevent data being damaged. 


One final method that an organisation and an individual 
can use to protect their data is encryption. Encryption 
will not stop the data from being stolen, but it will 

mean that if the daia is stolen, it will be meaningless 

to the third party, unless they are able to get the key to 
decrypt it. 


RA GTICAL ACTIVITY 14.10 


There are advantages and disadvantages to 
| software-based methods for securing data. 
Complete the table to outline what some of 
those advantages and disadvantages could be: 
| 


Software- | Advantages 
based 


method 


Biometrics 


Anti- 
malware 


| Disadvantages 


Firewall! 


| Access 
lha h 
rignts 


CUNY 


The impact of security 
threats on individuals and 
organisations 


Individuals and organisations need to carefully consider 
the impact of security threats. There are two main 
common reasons why perpetrators carry out security 
attacks — either to obtain personal data or as an act of 
sabotage or revenge. 


Individuals need to be very cautious of any of their 
personal data being accessed and stolen. This could lead 
to criminal acts such as fraud and theft of their identity. 


Organisations need to be very cautious of any of their 
stored data being accessed and stolen. They also need 

to be very cautious of their data being manipulated or 
destroyed. Data is a very precious asset to organisations, 
as it is used in the day to day functioning of the 
organisation. Without it, they are unlikely to be able to 
function at all. This could lead to a loss of profits, or if 
the data is stolen because the organisation’s security is 
breached, this could lead to a negative reputation for the 
organisation, which may also lead to a loss of profits. 


14.13 Disaster recovery 
management 


In an organisation, a disaster is anything that may put 
the operations of the organisation at risk. This could be 
anything from a cyber-attack, power failure or a natural 
disaster. Disaster recovery is a planning mechanism that 
allows an organisation to plan for disaster and put in 
place measures that will minimise the risks. To be able 
to plan for protection against a disaster, the possible 
disaster first needs to be identified. 


There are several stages that can be used to identify a 
risk that could cause a disaster, these include: 


ea 
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2 
This is also known as a risk assessment. The organisation will first identify what they think could 
be a potential disaster. They will then consider what or who could be harmed as a result. They 

will finally think about how this could impact the organisation. Finally, they will develop methods 
| to control the possibility and impact of the disaster. 


Risk 
analysis 


All parts of a company will be assessed, including its infrastructure, networks, hardware, software 
and people. 


The type of things that could cause disaster in an organisation may be a power cut, cyber-attack, 
fire, flood, denial of access to data, theft of data, corruption of data and hardware failure. 


Perpetrator | This process is often carried out as part of the risk analysis. The organisation will identify who 
analysis they think could be a perpetrator that could cause a disaster to occur. A perpetrator is someone 
who carries out malicious or illegal acts. 


In this stage of the process an organisation will rehearse the plans and strategies that have been 
developed during the risk analysis. This will allow employees in tne organisation to understand 
exactly what they should do in the event of a disaster. An organisation can monitor what 
happens during the testing stage and can amend plans to take improved actions, or to correct 
the behaviour of employees, if they are not acting correctly. The type of plans and strategies that 
could be tested are: 


Risk testing 


» restoration of data 

e replacement of hardware 

e reinstallation of software 

e emergency evacuation of offices 


e emergency protection methods for data. 


Quantifying | The process of quantifying a risk involves evaluating the risk and prevention methods for the risk 
the risk in terms of cost and time 


There are two key measurements that should be considered, maximum tolerable downtime 
(MTD) and recover time objective (RTO). 


e MTD is ine maximum time that each part of the organisation could tolerate not having 
access to the essential parts of a network that they require. 


e RTO is the estimated maximum amount of time in which an organisation has in which to 
recover its network and resume operations. 


Table 14.22: Stages of disaster recover management. 


e Power surge protection devices could be used to 
stop a surge in power damaging hardware. 


What kind of impact could a disaster have on a 
| company if it isn't managed effectively? 
Back-ups of data could be stored in fire and flood 


Earlier in the chapter you learned about methods that proof cases so that data is not lost in a fire or flood. 
can be used to protect data and a network against a Back-ups could aiso be stored off site. 
cyber-attack. An organisation wili also need methods in 

place to prevent against other disasters that could occur: 


A back-up generator could be ready for use if an 
organisation suffers power failure. 
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e Policies and procedures should be developed for All of these areas will be planned and assessed in 
staff to follow to prevent disaster such as fire and a disaster recovery plan, which will consider how 
damage to equipment. these wil! be carried out and what timescales should 


e Cloud computing could be used as a back-up for be expecied 


data and possible hardware resources. 


In the event of a disaster occurring, data and resources 

will need to be restored. This can often mean the: Use the internet to research more specific 
information about what an organisation could 
include in a disaster recovery plan, for example, 
e the re-installation of software taking a detailed itinerary of equipment. 


e the restoration of data from back-ups 


e replacement or repair of hardware. 


EE 


v 
EXAM-STYLE QUESTIONS © 
1 Explain the function of ‘he presentation layer in the OSI model. [2] 
2 Explain the function of the network layer in the TCP/IP model. [2] 


3 William wants io create a network in his home that will conneci three computers, a printer, a mobile 
tablet device and a mobile telephone. He wants to minimise the costs in setting up his network. 


a Identify che network structure that would be suitable for William to use. Justify your choice. [1] 
b Identify the components William will need to build the network and describe the role of each. [4] 

c William wants to use the network to stream videos and music. Explain the importance of 
vandwidth and bit rate for this purpose. [2] 
[Total 7] 


4 Identify two protocols that are used in te transmission of emails. Describe the role of each 

protocol in the process. [4] 
5 Describe how the sound required to make a telephone call is sent from one mobile device to 

another, using a mobile network. [4] 
6 Emily stores data about her customers on a server in a server room in her office building. Emily 

wants to keep the data more secure, so she installs a biometric device required to gain access to 

the server room. She also installs a firewall. 


a Explain one advantage and one disadvantage of using a biometric device to secure access to 


the server roor. [2] 

b Describe how the firewall will help keep the data safe. [4] 
[Total 6] 

7 Discuss the impact of implementing a disaster recovery plan for an organisation. [6] 
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I can understand models that form the basis of a network, inctucing the OSI model and the TCP/IP model. 


I can describe the structure of a data packet. 


I can describe a range of ways that data is transmitted, including circuit switching, packet switching and 
message switching. 


i ‘can understand a range of network structrres, iiicluding peer-to-peer, client-server, LAN, WAN, VPN, 
mobile and satellite. 


Ican understand the role of a large range of network protocols and the responsibilities they have in the 
transmission of data. 


I can understand the role of a ra1:92 of network components, including NIC/WNIC, hub, switch, repeater, 
WAP, bridge, router, cables end wireless technologies. 


I can understand the imporiance of bandwidth and bit rate when transraitting data. 


I can understand what is meant by cloud computing. 


I can understand the iisks that could cause harm to a network and čata and a range of methods that can be 
used to help rrevent them. 


I can understand the process of disaster recovery management. 
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“Pro J lect 


LEARNING INTENTIONS 
By the end of this chapter, you will be able to: 
A e describe the stages ct a project 
e describe the use ot project management software for supporting projects 
“E e discuss the strengths and weaknesses of project management software for supporting projects 


e use and describe tools and techniques for project management. 
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BEFORE YOU STAR 


e Are you able to decompose a problem into smaller problems? 


Introduction 


Project management is about applying a process to 
enabie the completion of a project on time and within 
budget. It can be broken down into initiation, planning, 
execution and monitoring, and close stages. Project 
management software can be used to assist a project 
team throughout a project and tools such as Gantt 
charts, PERT and CPM can be used to aid project 
planning. Failure to complete projects on time, and 
within budget, can be embarrassing for organisations 
who have made promises on delivery and frustrating for 
the end user. 


15.1 The stages of the 
project life cycle 


Every project needs to be managed properly in order 
to ensure deadlines are met, resources are available and 
everybody knows what they are doing. 


a 


resources: people, equipment, facilities or 
funding required to complete a project 


Figure 15.1: Project stages. 


Project initiation 
During the conception and initiation stage, the initial ideas 
for a project are identified and goals set. Key stakeholders 


are identified and decisions are made about whether or 
not it is appropriate to undertake a project by conducting 
a feasibility study. The feasibility study will determine 
whether the project is of benefit to an organisation 

based on resources, time and finance. Requirements 

for the project will be identified so that all stakeholders 
are aware of the expectations of the project. Objectives 
of the project, its scope, risks, approximate budget and 
approximate timescales will be defined and agreed with 
all stakeholders. An estimate of the resources that will be 
required will be made and a high-level schedule created 
which identifies proposed dates for completion of aspects 
of the project. A project brief or Project Initiation 
Document (PID) or initial statement of work (SoW) will 
be created. At the end of the project initiation stage, a 
phase review will be carried out to check that all aspects 
of initiation have been completed and that all stakeholders 
understand and agree the project brief. 


KEY WORD 


initiation: start of a project 


Project planning 


There is a common phrase, ‘failing to prepare is preparing 
to fail’. This is true in all parts of life, but particularly 
with project planning. It is essential that the project 

is planned well so that all stakeholders know their 
responsibilities during all stages. A comprehensive budget 
wu! be formulated along with details of timescales for 

the progress of the project. Milestones will be set. These 
milestones show by which time certain aspects of the 
project must be complete. Tasks that have to be completed 
between each milestone will be identified and prioritised. 
A Gantt chart will be produced to show which tasks need 
to be completed and in which order. Resources, including 
personnel, will be allocated to tasks in a coordinated 
manner so that they are available at the right times. A very 
important part of planning is to ensure that appropriate 
amounts of time are allocated to each task and resource so 
that tasks can be completed on time, resources (especially 
personnel) are not over used and that personnel have work 
to do rather than not being used. 
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Gantt chart: a chart used for planning a project 


At the end of the project planning phase, a phase review 
will be carried out to check that the plan is achievable 
and thai it meets the objectives of the project. 


Project execution 


Once all plans are in place and the start date arrives, 

the project can commence. It is critical that the plan is 
followed so that resources are used ai the appropriate 
times. Any delays to a task can have a knock-on effect to 
successor tasks. The project manager will be expected to 
communicate roles and responsibilities to team members 
and set interim targets for each member to achieve 
within the timescales of the overall plan. 


At the end of the project execution phase, an execution 
phase review wii! take place to learn lessons from what 
went wrong and to note examples of good practice. The 
review will cover questions such as: 


e Was the project schedule maintained? 
e Was the project within budget? 
e Were all resources available when required? 


e Has the project met the original requirements? 


execution: the development stage of a project 


Project monitoring and control 


Throughout the execution of the project, the project 
manager must monitor the progress and control what is 
happening. The project manager will be responsible for 
ensuring tasks are completed on time and rescheduling 
any tasks if there are delays. The project manager wili 
need to monitor the performance of team members 

to ensure they are carrying out their agreed roles 
effectively. The project manager will need to monitor 
expenditure and compare it against the budget to 
ensure that overspends don’t occur and keep a close 
eye on the scope of the project to make sure it doesn’t 
extend beyond its agreed boundaries. Objectives will be 
regularly reviewed to ensure that the project is meeting 


its original objectives. There should be regular project 
review meetings where key stakeholders can discuss the 
progress of the project. At times, the project plan will 
need to be adjusted, so there is regular iteration between 
the execution, monitoring and control, and planning 
phases as shown in Figure 15.1. 


Project close 


When the project is ready to complete, a handover will 
take place from the project team to the client. Contracts 
will be terminated, which means some people may 

need to be deployed elsewhere or may need to look 

for alternative employment. Resources that have been 
assigned to the project will be released. A review of the 
project will take place between the client and the project 
management team, where requirements will be evaluated 
and successes will be celebrated. The client will be 
expected to sign off the project as completed, so that it 
is clear there is no further work to carry out and closure 
will have been achieved. 


P WORKED EXAMPLE 15.01 


Before writing a textbook, authors are given a project 
brief that outlines the scope of what they are required 
to write about, the types of pedagogical items to 

include, the timescales for the delivery of manuscripts 
and payment information. This is all part of planning. 


Prior to this, a publisher will have decided that they 
want to publish thai particular textbook, and may 
seek approval from an exam board, which makes the 
publisher and the exam board the key stakeholders 

in this case. During planning, the publisher will have 
identified a project manager, an editor, a reviewer and 
authors, all of whom are required resources. 


The execution stage includes the authors writing 
chapters for the textbook. This is monitored 

i and controlled by the editor who stays in regular 
communication with the authors to check on their 
progress and to collect completed chapters. If 
timescales slip, then the project plan is revised as other 
execution stages such as reviewing, typesetting and 
proofreading are all dependent upon the manuscript 
being delivered. 


The project comes to 2 ciose when the textbook is ready 
to be sent to the priuters, once the authors, the publisher 
and exam board have approved the final proof. 
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Question 


1 Explain why it is necessary to iterate between the 
planning, execution, and monitoring and control 
stages of project management. 


15.2 Project 
management software 
Planning 


Most of the planning involved using project 
management software is concerned with scheduling 
tasks and allocating resources to those tasks. However, 
key milestones can be identified in advance. These are 
when crucial points in the project should be reached, 

so tasks should be scheduled to meet these milestones. 
Documents that are likely to be required can be 
allocated to milestones, such as success criteria and 
specifications. Templates can be used for setting up an 
initial project pian. These templates can be provided by 
the software or they could be templates that are created 
based upon an organisation’s previously successful 
projects. Through the use of project templates, company 
standards can be set up for the way projects should be 
planned, so employees have a common, collaborative 
and recognisable structure. 


Scheduling of tasks 


Tasks are jobs that need to be completed as part of 

the project. Project management software will enable 

a project manager to create a Gantt chart to show 

an overview of the tasks that need completing on a 
timeline. Tasks wii! be assigned an estimated number of 
hours or days that they will take to complete, together 
with a deadline for completion. The project manager 
will be able to identify which tasks are dependent upon 
other tasks and so cannot start until those other tasks 
have been completed. Tasks can be delegated to other 
members of the team and put in a priority order to 
identify which should be completed first. Team members 
will be able to record how many hours have been spent 
on each task and identify when the task is complete. 
Milestones can be identified for crucial points of the 
project and these can be highlighted. A milestone is 
often a point at which a key part of the project has been 
completed or part of the project has been delivered 
(known as deliverables). The project manager will be 
able to see an overall caiendar of all tasks that need to 


be completed, together with calendars for each team 
member that is responsible for those tasks. 


Allocation of resources 


Resources can be equipment, property or people that are 
required to complete a task. These resources will need 
to be defined within the project management software 
and their availability can be identified so the project 
manager knows when they can be used. Costs can be 
assigned to any resource, so the project manager can see 
how their use will affect the budget. Resources can then 
be assigned to tasks and a number of hours or days be 
assigned to the use of that resource. The software will 
help the project manager to avoid resource conflicts and 
also identify clearly situations where team members 
could experience overload. This is when a team member 
has too many tasks to complete during a period of time. 


Cositings 

Ail resources will have costs allocated to them, so the 
project manager will be able to calculate the total cost 
of each task based on how many hours each resource 

is used for each task. The software can be used to keep 

a record of any expenses incurred by team members 

and account for these in the overall costs. Daily, weekly, 
monthly or custom analysis of expenditure and its 
comparison to the budget can be provided. The software 
can report on the total costs for each individual resource 
or set of resources. The costings information will be able 
to be exported to common formats such as spreadsheets 
for further manipulation and analysis. 


Communication and 
collaborative working 


Project management software can offer a large variety 
of communication tools which help team members to 
collaborate throughout the whole project: 


e Calendars: each team member will have a calendar 
showing what they are doing at any time. These can 
be synchronised with third-party calendars, such 
as Google, iCal or Outlook, so that each member’s 
availability is always up to date. This enables 
meetings to be scheduled with each team member. 
Documents can be attached to these meetings so 
that they are readily available to each participant. 


e Instant messaging/video chat/video conferencing: 
these tools enable team members who are working 
remotely from each other to communicate 
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in real time so that they can share ideas and 
discuss progress. 


e Shared documents: all documents should be stored 
in a central repository so that they are available 
to the team members who require access to them. 
Documents can be assigned to tasks, resources or 
milestones so that they are available at the right time 
to the right people. Changes to the documents can 
be tracked so that each team member knows what 
modifications have been made and which is the 
latest version of the document. The software can 
email team members to inform them when changes 
to documents have been made or dispiay an alert 
on their project dashboard, their home page for the 
project management software. This is a much more 
controlled manner of dealing with documents than 
email attachments and mixed revisions. 


e _ Discussions/forums: these can be set up for tasks, 
documents or milestones so that discussions between 
team members can be held. This is particularly useful 
when all team members are not available at the same 
time. Team members will be able to see comments 
and suggestions that have been made by others 
and respond to them. Email notifications of new 
contributions to discussions can be sent or alerts can 
be displayed on project dashboards. 


e Progress: the software can inform team members and 
the project manager of progress that is being inade. 
Team members can update tasks to show how near 
to completion they are and this progress can be fed 
into the whole project plan. If changes are made to 
the project timeline, automated email notifications 
can be sent out to all affected icam members. 


collaborate: work together 


Decision making 


All communications within the project management 
software can be logged and tracked so that if decisions 
have been made, then it is possible to clearly identity who 
made each decision and for what reasons. If problems 

or issues have been experienced, then these wiil be 
highlighted by the software and decisions can be made as 
to what adjustments need to be made, such as changing 
the timeline or allocating additional resources. These 
issues can also be monitored to check on progress of the 
resolution. 


Graphs, charts and reports can be used to analyse the 
budget, scheduling and task progress. Comparisons can 
be made between the plan and what is actually happening 
during the execution of the project, and then decisions can 
be made to make changes if necessary. The software can 
show how much time was spent on each task compared to 
how much time was planned for that task, so that lessons 
can be learned for future tasks that are similar in nature. 


The software will identify a critical path which will show 
all tasks that must complete on time if the project is to 
meet its deadline. This can then be monitored closely 

and delays can be anticipated in advance and resources 
diverted to critical tasks if necessary. The software will 
show an overview of the availability of resources and the 
time allocated to each and their respective costs, so that 
the project manager is able to reallocate them as necessary. 


critical path: the tasks which must be completed 
on time for a project to complete on time 


Weaknesses of project 
management software 


The strengths of project management software 

have been detailed within the discussion of features 
above. However, there are also weaknesses of project 
management software that need to be considered. 
Good quality project management software is a large 
financial investment, especially if it needs to be used 
by several users. This initial investment can deter 

some organisations from using the software. Project 
management software is complex because it covers so 
many different aspects of project management. Project 
managers need extensive training to use the software 
effectively and team members also need training to use 
the components that are relevant to their tasks. The 
complexity of the software can also over complicate 
simple projects which could have been managed more 
effectively without the software. 


Users can become too reliant on the software to remind 
them that tasks need to be completed. This can result in a 
task not being done until an alert pops up on someone’s 
screen telling them they’ve missed a deadline. Online 
project management software will enable access for many 
users which is good for coilaboration but it creates a risk 
that unauthorised users may access sensitive data that 
they shouldn’t have access to. It’s therefore important to 
ensure that any access control is set up properly. 
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Questi on on time in order for the whole project to complete 
on time, and defines the minimum time in which the 
2 Explain how project management software can be project can be completed. It is appropriate for projects 
used for allocating resources to tasks. where the time needed for each task is known, usually 


because they are common recurring tasks, for example 
construction tasks. 


15.3 Tools and 
tecn niq ues for project CPM: critical path method, also known as CPA 


(critical path analysis) 


management tasks a 
predecessor: a task in a project that must be 


Critical path method (CPM) completed before another task can start 


The critical path method (CPM), also known as critical 
path analysis (CPA), finds a project’s critical path. 
The critical path identifies which tasks must complete 


J 
WORKED EXAMPLE 15.02 


Figure 15.2 shows a network activity diagram for making a cup of tea. 


Boil kettle 
Fill 180 


kettle 
15 ->Pour water — Put milk Stir 
\S into cup © into cup © tea © 
10 5 10 


in cup Put sugar Get milk 
25 in cup out of fridge 
25 10 


Figure 15.2: Network activity diagram for making a cup of tea. 


The circles represent milestones in the project and are numbered for identification purposes. The tasks are 
represented by arrows. The numbers next to each task represent the number of seconds the task will take. For 
example, pouring water into the cup will take 10 seconds. 


Some tasks can be completed in parallel to other tasks. For example, boiling the kettle can take place at the same 
time as putting tea in the cup, putting sugar in the cup and getting milk out of the fridge. Where there are parallel 
tasks, the longest timeline forms the critical path. In this case, 180 seconds to boil the kettle is longer than the 60 
seconds it takes to do the three parallel tasks. 


Sequential tasks cannot be carried out at the same time because they are dependent upon other tasks completing 
first. For example, boiling the kettle is dependent upon the kettle being filled with water and so cannot start until the 
kettle is filled with water. In this case, the kettle being filled with water is a predecessor to boiling the kettle. 


The total length of the critical path is calculated by adding up all the sequential tasks plus the longest of each of the 
parallel sets of tasks. In this case that is 15 + 180 + 10 + 5 + 10 = 220 seconds, which is the shortest time it will take 
to complete the project. If any of the tasks on the critical path takes longer than planned, then the whole project will 
be delayed. 
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Some tasks aren’t critical and have what is known as In the example network activity diagram for making a 
float time. The float time is the time an activity can be cup of tea, getting the milk out of the fridge has a float 
delayed without affecting the rest of the project. time of 120 seconds because it can be delayed this long 


before it would catch up with milestone 4. 


O) 
ACTIVITY 15.01 


Interpret the network activity diagram in Figure 15.3 for building an extension to a house. 


Tile roof 


Erect roof 


5 


Figure 15.3: Network activity diagram for building an extension. 


1 Identify the longest task. 
2 How many milestones are there? 


Which tasks are dependent upon the bricks being laid? 


3 
4 Which tasks can run parallel to installing the windows? 
5 How many days is the critical path? 

6 


Which tasks form the critical path? 


To create a network activity diagram you need to know 
the following information: 


e the list of tasks 
e how loung each task will take 
e which tasks are dependent upon predecessors. 


This information can be shown in an activity 
dependence table. 
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First, add any tasks to the diagram that have no 
predecessors. 


O4-@ 


Figure 15.4: Network activity diagram part 1. 


Then add on any tasks that are dependent on task A. 


Figure 15.5: Network activity diagram part 2. 


Continue task by task until there is a completed 
diagram. 


| Figure 15.6: Network activity diagram part 3. 


aS 
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Complete a network activity diagram for the 
to!lowing scenario: 


Network activity diagrams can be extended to include 
the earliest start time (ES) and earliest finish time (EF) 
of a task. The ES of the first task is 0 and the EF of the 
first task is the length of that task. The ES of all other 
tasks is the latest EF of its predecessors. 


ES of task = latest EF of predecessors 
The EF of any task is calculated as: 
EF = ES + length of task 


The float time can also be added to each task. The float 
time is calculated by subtracting the EF of a task from 
the ES of the next task: 


Float time = EF of task — ES of next task 


ea 
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a 


Figure 15.3 has been extended to Figure 15.7 below to show the ES in green, the EF in red and float time in blue. 


Erect roof 


on Dig for Lay 
/ foundations 


Hi, ,, 


foundations 
5 2 20 


| Plumbing 
10 


Paint 


Figure 15.7: Extended network activity diagram. 


37 S7 
(4) 


_Install windows 


walls Q walls 
El 2 aa, 


Tile roof 
5 


3 


The ES for dig for toundations is day 0 because it is the first task. The EF for dig for foundations is day 5 because 
the task will take 5 days. This means that the ES of the next task (lay foundations) is also day 5 because it can only 


start when the foundations have been dug. 


EF for lay foundations = ES for lay foundations + length 


EF for lay foundations = 5+2=7 


a 


lay foundations 


When it comes to parallel tasks, the ES of a task is the latest EF of its predecessors. The EF for installing windows is 
day 30, but the EF for tiling the roof is day 42. As these are both predecessors for first fix electrics, the ES for first fix 


electrics must be day 42. 


The ES for first fix electrics is day 42 but the EF for installing the windows is day 30 meaning there are 12 days of 
float time. 


Note: when working in days, the EF and ES are 
considered to be the beginning of the day. For example, if 
the EF of task 2 is day 4 then task 2 should be finished by 
the beginning of day 4, or the end of day 3. This will then 
enable task 3 to start at the beginning of day 4. 


ACTIVITY 15.03 


Extend the CPM from Practical Activity 15.02to | 
include the ES, EF and float time for each task | 


Using a network activity diagram can help to allocate 
the right number of resources to a task. For example, 


when a task needs to be completed earlier than planned, 
additional resources can be allocated to that task. This 
is known as ‘crashing’. Those additional resources could 
come from tasks with high float times because it’s not 
critical that those tasks finish at their planned earliest 
finish time. When there aren’t any float tasks available 

or the necessary resources can’t be found from float 
tasks, additional resources have to be found which incur 
additional costs. For example, in Figure 15.7, if the laying 
of bricks needs to be completed 5 days earlier then there 
are no float tasks available from which to use resources. 
However, if erecting the roof needed to be completed 
earlier than planned, then resources could be used from 
the plumbing task which has a float of 12 days. 
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Performance evaluation and 
review technique (PERT) 


PERT is similar to CPM in that it is used to plan, 
schedule and manage projects and activities are based 
on predecessors. It is more suitable for research and 
development projects which are non-repetitive because 
estimates of time are used rather than definitive times 


PERT: performance evaluation and review technique 


Tasks or activities are represented by arrows and 
milestones are represented by nodes, usually a circle. 
PERT and network activity diagrams therefore look 
very similar. 


The key difference with PERT is that the time for 
each task is estimated. To estimate the time, the 
following are used: 


e most optimistic time 
e = most likely time 


e most pessimistic time. 


The most optimistic time is based on the assumption that 
everything will go right and there will be no problems. 
The most pessimistic time is based on the assumption that 
anything that can go wrong will go wrong. 


The estimated time is then calculated as: 
4 x most likely time + optimistic time 
+ pessimistic time 


6 


estimated time = 


Gantt charts 


A Gantt chart is used to show the start and finish dates 
of each task, the predecessors for each task, the progress 
of each task and the current position within the project. 
Tasks are listed with their start and finish dates. A bar 
represents each task. Each bar can be shaded in to show 
the percentage of the task that has been completed. 
Arrows are used to show which tasks are dependent 
upon other tasks. A line or other indicator can be used 
to show the current position (time) within the project. 
It’s also possible to identify the resources required, 
usually by listing the person responsible for each task. 


To create a G 
information: 


yantt chart you need to know the following 


e the list of tasks 

e how long each task will take 

e which tasks are dependent upon predecessors 

e start date of the first task 

e resources that are allocated to each task. 

Note that some programs used to create Gantt chart 
(like Gantt Project) only work in days/months, so 


sometimes you might need to adapt this accordingly 
when the context is minutes/seconds or hours/minutes. 


l 1 i [i 
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Figure 15.8: Gantt chart. 
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On the left-hand side you can see the task iist together with beginning dates and times, coordinators and the 
duration. The yellow bars represent the time that each task takes. This makes it much easier to see the float time that 
is available. Dependencies are shown by the arrows from the end of a predecessor to the start of another task. The 
black lines represent how much of each task has currently been completed and the red line represents the current 
time. Therefore, assuming that the progress is correct, the project is running slightly behind schedule. The diagonal 
lines on the yellow bars represent the critical path. 
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S04 


PRACTICAL ACTIVITA 


Interpret the Ganti chart in Figure 15.9 for building a house extension. The Gantt chart is saved as 15.01 
House extension.gan and was created using GanttProject, which can be used to open the files. 


anv = wuts 
TO, k z 
F PT, 5 Sob euki WNK bAt SMe Miha rkdh Mdb Ha- rdp h a kar 
Hose Cag dle) Oreste [ehar Dealan Carra ja CNDA AIN A a TP a O A i Taa 
E Du Wakes dwar CETATI. IOMAN Sid is J 
a lerhi dues CELLS OMEN Gi Gxt a 
= Lay bros {17a ichs ot irc Lave 
| a eA riai o renin os THY 
E pg ES IATa. U y aaran 


= Ma: b redir IAY NE = Tokers ta 

a Pork ir; CEMINT AFHI + oor ow 

5 HYT YF wat; tnne iji Lenn a 

E palra ISIP oS T doraka 
Tandi HEA Ra a Acid 


Figure 15.9: Gantt chart for house extension. 


1 Which task has float time? 

2 Which tasks are currently in progress (started but not finished)? 

3 The plumbing appears to be behind schedule. Will this affect the whole project finish date? Why? 
4 


Which tasks are the predecessors for plastering the walls? 


| Figure 15.10 is the resources chart for the house extension project. Have a look at when each resource will 
be being used. What do you notice about the weekends? 
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WORKED EXAMPLES Cs 


Q 
Task A starts on ! January 2020. Then add on any tasks that are dependent on task A, to 
start ihe day after task A finishes. 
Dependencies Resources 
JAN 
123456789 
Task Duration Start End Resources 
A 3 1-1-20 3-1-20 RI 
B 2 4-1-20 5-1-20 R1 Y 
Cc 6 4-1-20 9-1-20 R2 t 
D 1 
E 3 
F 5 
G 4 
H 3 
l 2 
pa O -S EE 


Figure 15.12: Gantt chart part 2. 


First oeat a Paa A k the diatonaadihë Continue task by task until there is a completed Gantt 


resources required and identify the start and finish chart 


dates of the first task. 


JAN 
JAN 1 20 
1234567 Task Duration Start End Resources 
Task Duration Start End Resources | A 3 1-1-20 3-1-20 R1 
2 4-1-20 5-1-20 Ri 
A : 121220: -31720 = G 6 4-1-20 9-1-20 R2 l 
c 7 Ro D 1 6-1-20 6-1-20 Ri ! 
D 1 Bi E 3 10-1-20 12-1-20 R2 ! 
E 3 ae F 5 7-1-20 11-1-20 R3 y 
F 5 Ra G 4 1413-1-20 20-1-20 R3 
G A a H 3 17-1-20 19-1-20 R5 
i 3 us l 2 17-1-20 18-1-20 R2 io 
34 2 a EE 
i > o J 3  17-1-20 19-1 20 R6 
J 3 R6 


Figure 15.11: Gantt chart part 1. 
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PRACTICAL ACTIVIT, NED 


Complete a Gantt chart for the following 
scenario commencing on 1 April 2020. 


Work breakdown structure 
(WBS) 


All of the methods discussed so far have broken the project 
down into manageable tasks. However, very large projects 
can become quite daunting if looking at hundreds of tasks 
ali at once. To help manage those tasks, a hierarchical 
decomposition of the project can be created as a work 
breakdown structure (WBS). A WBS forms a hierarchical 
diagram with tasks allocated to sub-tasks or project phases. 


In a software development project, ihe project might be 
broken down into the phases of a development life cycle 
as shown in Figure 15.14. 


7 
=- 


Figure 15.14: WBS for software development 


Evaluation 


a) 


A team manager would then be responsible for each 
phase, so for example, an assistant project manager 
might be responsible for the testing phase of a software 
developnient project. Each phase would be broken down 
further to show the stages involved in each phase. 


Software 


development 
| 


| 
cantina epee 


Black box 
testing 


White box 
testing 


User testing 


Figure 15.15: WBS for software development with testing 
expanded. 


Find some recent news stories that report about 


government projecis that have not met their 
deadlines or budgets. 


341 » 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


EXAMSTYLE aesan aA 


A landscape gardeinag company has commissioned a software deveicpment company to develop a new piece 
of software that can be used by customers to view a model of whai their new garden might look like. A project 
manager has been appointed to oversee the project. 


At the end of the initiation stage of the project, a project brief will be created. 


1 a Identify four items that might be included in ihe project brief. [4] 
b Identify three other stages of project mau2gement that will be coordinated by the project manager. [3] 
[Total 7] 


The project will involve a large team. 


2 Describe four ways the project management software can help the project team to work collaboratively. [4] 


The project manager has the option of using critical path method (CPM) and a Ganti chart for planning 
the timescales of the project. 


3 a Compare CPA with a Gantt chart. [2] 
b Identify two features available in a Gantt chart that are not shown on CPA. [2] 
[Total 4] 

The project manager has decided that PERT would be more appropriate than CPA for this project. 
4 Explain why PERT is more appropriate than CPA for a software development project. [3] 
5 Explain how a work breakdown structure (WBS) can help a project team. [3] 


SUMMARY CHECKLIST f 


I can describe the stages of project nauagement including: 


project initiation 


project planning 


project execution 2nd monitoring 


project close. 


I can describe ihe use of project management software for supporung projects. 


I can discuss the strengths and weaknesses of project mana g°inent software for supporting projects. 


I cau us? and describe tools and techniques for project raanagement tasks including: 


Gantt charts 


| | performance evaluation and review technique (PERT) 


critical path method (CPM). 
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LEARNING INTENTIONS. AÑ 


By the end of this chapter, you will be able to: 


describe the stages in the system life cycle 

describe methods of research for a given situation 

understand ihe content and purpose of specifications 

construct diagrams to represent system processing arid the flow of data through a system 
design data storage, input forms and output resorts 

create a test plan and understand its purpose 

select appropriate test data 

describe the differences between aipha and beta testing 

describe the differences between white box and black box testing 

describe different methoas of implementing a system 


explain the advantag2s and disadvantages of each implementatior, method for a given situation 
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BEFORE YOU STA AS 


e Do you understand what a project is? 


e Do you understand the structure of a database? 


Introduction 


A new system following the waterfall method of 
software development evolves through a system life 
cycle. Requirements are specified by the client and 
recorded by the analyst. The designer will then follow 
a requirements specification in order to produce a 
design specification which wil! show the client what 
the new system is likely to iook like. When the user is 
happy with the design specification, the system will 

be developed based upon the design specification and 
the developed sysiem will then be tested before being 
installed for the client. The client will be provided with 
user documentation. An evaluation will take place to 
review the system life cycle for the project. Any ongoing 
maintenance will be carried out by the maintenance 
team. Other methods for software development are 
also used including agile and Rapid Application 
Development (RAD). 


16.1 Analysis 


Analysis involves finding out how the current system 
works and what the requirements of the client are for 
the new system. 


Do you know what validation means? 


Are you able to draw a flowchart? 


analysis: finding out how the current system 


works and what the requirements of the client are 
for the new system 


Methoas of research 


A variety of methods can be used to research current 
systems and the requirements of a new system. 


Questionnaires 


Questionnaires are used when information is required 
from a large number of users when it would be 
impractical to interview them all. A large number 

of users also means there is a large sample size for 

the results of the questionnaire to be quantified and 
compared. They are not suitable when there are only 

a small number of users involved because there is not 

a large enough sample size to gauge opinion and it 
would be quicker to conduct interviews than spend time 
preparing questionnaires. An exception to this would be 
if it is impossible to arrange an appointment time with a 
user or users, in which case questionnaires could be used 
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as an alternative to interviews. The disadvantage of this 
is that it doesn’t allow the analyst the opportunity to ask 
the user to elaborate on answers without contacting the 
user again. 


Questions need to be asked in a way in which the 
required information can be elicited from users, but also 


SED EXAMPLE 16.01 


so that the responses can be analysed collectively. This 
often means providing multiple choice responses so that 
each response can be counted. It’s also important to 
ensure that the questionnaire does not take too long for 
users to complete as otherwise not many responses may 
be returned. 


During the analysis for a new school reports system, the analyst wants to find out from pupils, teachers and parents 
what information should be included on the report. One question that could be asked would be: 


Please rate from 1 to 5 the importance of the following information on the school report (1 is not important, 5 is 


very important): 

e Attendance total half days 

e Attendance percentage 

e Number of negative behavioural events 
e Number of positive praise events 

e Academic grade for each subject 


e Position/rank in class for each subject 


Percentage score for each end of year exam 
Average score for aii exams 

Comment from subject teacher 

Targets from subject teacher 

Comment from house tutor 


Target grade. 


This wili allow the analyst to consider the importance atiributed to each piece of information by the three different 
groups of people, which will contribute to deciding what is included on the reports and how prominent a position 


each piece of information will take. 


An alternative way of asking this question wouid be: 


Please list any information you would like to be included on the school report. 


This would make it very difficult to quantify the responses and analyse the findings as each respondent would give 
very different answers. By providing the list, the analyst is able to give the respondents a starting point. 


A mixture of multiple choice questions, opinion ratings 
and open questions shouid be used. This will provide 

a balance of quantitative analysis of closed questions 
and a qualitative analysis of open questions where users 
are able to suggest alternative ideas to those presented 
by the questionnaire. Questions should also be written 
in a way which does not threaten users and the way 
they currently do their work. Users should be given the 
opportunity to return their questionnaires anonymously 
because that means more honest answers are likely 

to be given. 


Questionnaires should ideally be completed outline. 

This means that the results are immediately stored and 
readily available for detailed analysis in the form of 
graphs and tables. Filters can be applied to the results 
and responses can be compared based on the answers 
given to another question. For example, a filter could be 


applied to compare the responses of all males who work 
part-time compared with males who work full-time. 


Interviews 

Interviews involve a direct conversation between the 
analyst and the client. Where there is a single end user or 
small group of end users then interviews are the perfect 
solution, because questions can be asked of the users 
and a conversation can take place which can expand 
upon answers that are given with follow-up questions 
searching for further detail. Even in large organisations, 
interviews can still be used with key stakeholders or 
representatives of user groups. 


Questions to be asked during interviews should be 
planned and designed io elicit the required information 
from the client. The questions will vary depending on 
who is being interviewed. If management are being 


Nn —CsSCSC‘CisCis 


345 X 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


interviewed, then the questions will focus on the 
requirements of the organisation as a whole and the 
information that is required for decision making. If end 
users are being interviewed, then the questions need to 

be aimed at finding out what the users need to make 

their jobs more efficient. Interviews don’t have to be with 
individual users. They can take place with groups of users 
or focus groups that represent user groups or customers 


The logistics of each interview also needs to be planned. 
Ti can sometimes be difficult to find a time when both 
the analyst and the client are available, especially 1f 

the client has a busy schedule. Honesty is important 
during interviews so that the analyst can get an accurate 
picture of how tasks are completed. This can sometimes 
be difficult to achieve because end users may not 

want to admit to taking shortcuis in their tasks or not 
carrying out tasks to the best of their ability. In these 
situations, anonymous questionnaires can get more 
honest responses. With interviews, the analyst has to be 
involved with every interview and this can result in a lot 
of time being used up early in the project. 


Observation 


Observation involves the analyst watching the processes 
that take place within an organisation to find out 

how everyday tasks are completed. This can involve 
sitting with users to understand the tasks they have 

to complete, with an opportunity to ask questions 

of the users to elicit further information ihat could 

be needed for a requirements specification. This can 
give a very good understanding of the current input 
data, processing methods and output information. 
Other options can include wandering around an office 
throughout the day to see how information is shared 
amongst users. 


requirements specification: what a user needs a 
new system to do i 


One disadvantage of this method is that when users are 
being observed, they may do things differently from normal 
or they may be more efficient and so this does not give the 
analyst a true picture of what is happening. The analyst 
needs to be able to identify how long tasks genuinely take 
and any inefficiencies that could be improved upon. By 
observing users directly, the analyst can get first-hand 
experience of the inefficiencies and can plan to overcome 
these. Of course, some users may not like being watched 


and this may cause them some stress, which means they 
don’t perform as they would do normally. Although this 
method can take up a lot of time, it is the most insightful 
method of finding out how an organisation works. 


Document analysis 


Existing documents within an organisation can tell an 
analyst a lot about the information that is currently 
being used. 


PRACTICAL ACTIVITY 16.01 


Examine the receipt in Figure 16.1. 


ans : 
tR nat 
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Figure 16.1: Receipt. 


Identify the output information that is 
included on the receipt. 


Identify any calculations that are likely to 
have taken place on the receipt. 


Identify which information is likely to be the 
same for all receipts and which information is 
likely to be different for each receipt. 


The analyst will need to see examples of any documents 
that show output information or give an indication of 
what data is being collected for input to a system. The 
analyst can sometimes also identify processes that take 
place by looking at documents. It’s also possible to 
estimate the amount of data that is likely to be required 
if the volume of documents is known. 


This method is not to be used on its own but must be 
used in conjunction with other analysis methods, because 
it is difficult to identity the processes just by looking at 
documents. Examination of the documents also only 
shows data that is currently output and doesn’t give the 
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analyst an opportunity to find out what additional data processes that need to take place to convert inputs 
an organisation might need or what data the organisation into outputs or to store data 
does not need. This information can be found out by 


: ade a : e data that need to be stored 
following up document analysis with interviews. 


e functional requirements such as 
performance measures 


The content of specifications 


There are three types of specification used within the life 
cycle. These can be summarised as shown in Table 16.1. 


ə 


deadlines for each milestone within the project. 


WORKED EXAMPLE 16.02 


= Here is an extract from a requirements specification for 


a new town council website. The extract shows specific 
Created by the 
analyst. 


data that is required on the home page in addition to 
that which will have been specified for all pages: 

Contract 

between 


Created by the | Created by the 
designer. _ į designer. 
Shows what the | Identifies the 
system will look | software and 


e Quick links 


e Show list of links editable by content manager 


developer and | like. hardware © Initially 16 be: 
client. needed to run 
the system. e Tow can I get involved? (go to Consultations) 


igs = F E ; . 
Identifies what | Describes how | Identifies the e How can I stand for council? (go to Elections 
the system the system minimum arrangements) 
must do. should work: nee | e When is the next steering group meeting? (go to 

needed to run | : 
| Meetings) 
the system. 


e When will I be able to vote for councillors? (go 


Specifies the 
to Key dates) 


data structure 
to be used. e What powers does the Town Council have? 


e How do I report a problem? (go to City 


Table 16.1: The different types of specification. i 
Council sub-page) 


A fi e When can I vote for councillors? (go to 
Requirements specitication Elections 2016 arrangements) 


A requirements specification is a contract between the 


; rÀ : N list 
developer and the client. !t wiil specify exactly what ASN 
the client needs the system to do so that the developer e Picture, news title, date (taken from list of 
can produce a system that meets the client’s needs. The news) 


analyst will usvally write the requirements specification s en eel eee 
in consultation with the client who will approve it. 

. . . : | e To show latest four news articles 
A requirements specification should include: 


e the purpose of the system e What's on list 


e the main objectives of the system e Picture, event title with hyperlink, date and 
time (taken from List of events, Key dates and 


(a (f J . 
data that must be output from the system (for Meetings) 


example, invoices, sales reports) 


y : view all 
e data that needs to be input to the system to a ees 


generate the outputs, including any screens or data e Button: view all key dates 


collection forms 
e To show next four events. 


e validation and verification that is needed for 
input data 


a © a a 
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System specification 

A system specification lists all the software and hardware 
that is needed for the new system. The software needs 

to be identified first as the hardware will depend upon 
what software is needed. Only software that is needed 

to run the system should be specified. There may be 
different software identified for different types of users 
and for servers. 


Once the software is known, the minimum hardware 
required to run that software can be identified. In 
addition to this, the analyst needs to consider how 
much storage space is going to be required for the data 
being used by the system. The analyst will probably 
also recommend higher than minimum specifications so 
that the system functions at a reasonable speed. These 
specifications will include the processing power and 
the amount of memory required. External hardware 
components that are needed should also be specified 
and these should be based upon the requirements 

of the user. 


Design specification 

The design specification is produced by the designer and 
is an illustration of how the system will look, what the 
data structures will be and how the system will work. It 
is intended to give the user an idea of what the system 
will look like before it is developed so that the user’s 
feedback can be incorporated into the final designs. The 
developer will then follow the designs. 


system specification: the hardware and software 
needed to run the system 


design specification: illustration of how the 
system will look, what the data structures will be 
and how the system will work 


Later in this chapter you will learn how to design: 
e flowcharts 

ə data flow diagrams 

e data collection forms 

e screen layouts 

e validation routines 


e data dictionary. 


In addition to this, a design specification will include: 

e house style (logos, colours, fonts, styles, sizes) 

e screen sizes 

e connectivity diagram to show links between screens 


e purpose of calculations. 


Questions 


1 Identify five stages in the system life cycle. 


2 Explain why interviews are better than 
questionnaires for smaller groups of users. 


3 State the purpose of the system specification. 


16.2 Design 


During the design stage, the overall structure of the 
system and details of the system components are 
designed without being developed. Diagrams can be 
used to describe how a current system works (during 
analysis) or they can also be used to demonstrate how a 
new system will work (during design). 


design: the stage in the life cycle when the 
design specification is produced 


System processing 


Data flow diagram 
A data flow diagram (DFD) shows how data flows 
throughout a system. It is not about the order of 


processes, it is purely about the data flows. The elements 
shown in Table 16.2 are used within a DFD. 


KEY WORD 


DFD: data flow diagram which shows how data 
moves around a system 
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Data flow 


Process 


Data store 


Data 
source or 
destination 
(inputs and 
outputs) 
Duplication 
data 
source or 


destination. 


16 System life cycle 


This is the data that 
is flowing throughout 
the system. 


This is an action that 
uses or manipulates 
data. 


This is a place where 
data is stored. This 
could be a hard 
disk, cloud storage 
or a paper file, for 
example. 


This is an external 
entity where the 
data originates or is 
destined. 


This is where we have 
more than one source 
where data originates 
or is destined, to avoid 


crossing data flow. 


Tabie 16.2: DFD elements. 


DFDs can exist at many levels. At level 0, or context level, 
the diagram will show the whole system and the data 
flows between the whole system and any external entities, 
such as customers, suppliers, members, guests, etc. 


WORKED EXAMPLE 1 60s 


A hotel accepts online bookings for its hotel rooms. 
Guests make a booking online and the booking is 
received by the hotei. When the customer arrives, they 
are given an electronic key which includes encrypted 
data that will unlock the door and allow purchases at 
the bar. At the end of the stay, the guest is presented 
with a bill which must be paid before leaving. 


© 
RS a 
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9 % 
S 3 
s/ 3 i 
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oO 
[= 
Ww 
1 y 
Hotel 
booking 
system 


Figure 16.2: Level 0: DFD. 


This DFD shows the system as the hotel booking 
system. {t shows the guest as an external entity. It then 
shows the four items of data that flow between the 
guest and the booking system. 


To create a level 0 DFD, you should identify the external 
entities and the data flows between the external entities 
and the system. It is important to remember that it is 
the data flow that is being represented and not physical 
objects. Each data flow will be in one direction only. 


DFDs can also be considered to be one of the final 
stages of analysis as they can be used to record the 
data flows that are currently taking place within an 
existing system. 


“AL ACTIVITY 16.02 


Create a level 0 DFD for the following scenario: 


A car hire company accepts bookings of cars 
by telephone. A credit card payment for the 
deposit is taken from the customer at the time 
of booking. When the customer arrives to collect 
the car, they have to provide details of their 
driving licence, which are stored by the car hire 
company. The car hire company will provide 
the customer with details of the insurance and 
breakdown services for the car. The customer 
must pay the remainder of the hire cost before 
taking the car. The customer will be presented 
with an invoice showing the payments made. 
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The next level is a level 1! DFD. This shows the flow of 
data within part of a system, or if the system is small 
within the whole system. If the DFD is showing just 
part of a system, then other parts of the system are 
considered to be external entities. Each flow of data 
must be linked to a process, because something has to 
happen to tie data before it can be stored or passed 
onto an external entity. 


®© ORKED EXAMPLE 16.04 


+ 


Figure 16.3 is a level 1 DFD for the hotel booking 
system. Any other aspects of the hotei system are 
considered to be external entities. 


) 


Guest 


per 
D -= 
gle 5 
SJS | ain E 
3|5 & 
Hotel booking system l= 
Online booking 
i 
Check room Activate Produce |, Bar Bar 
availability | key card bill expenditure 
Dd 
£2 22 Room 
5s 218 
D ols access 
Sis oja à 
ay aJe details y 
Bookings Rooms Accept 
ry payment 
Booking 
details 
Payment details 


Figure 16.3: Level 1: DFD. 


When the guest sends their online booking, the 

room availability is checked and the booking details 
are stored. When the guest arrives, their key card 

is activated by retrieving the room access details. 
When the guest is ready to leave, a bill is produced by 
retrieving the booking details and any bar expenditure 
from the bar system. When payment is made, the 
booking details are updated to confirm that payment 
has been made. 


To create a level 1 DFD, first identify any external 
entities and any other parts of the system that will be 
classed as external entities. Identify the data flows to and 
from those external entities. Each data flow must have a 
process attached to it. A data flow cannot move directly 
from one external entity to another or from one data 


So ) 
350 » 


store to another or between an external entity and a 
data store because a process is required to deal with the 
data. Ignore how the data will actually be processed and 
just focus on the data movements. 


PRACTICAL ACTIVITY 16.03 


Create a level 1 DFD for the car hire company 


introduced in Practical Activity 16.02. Assume the 
DFD will be for the whole system. 


System flowchart 


A system flowchart shows the flow of data and processes 
within a complete system. A system flowchart will show 
how various elements of an information system are 
related. System flowcharts were popular in the 1960s 
and 70s when punched card and magnetic tape were 
commonplace, but they are not as commonly used 

in modern systems analysis techniques. The elements 
shown in Table 16.3 are used within a flowchart. 


KEY WORDS 


system flowchart: an overview of how a system 
works in a diagrammatic format 


Manual Manua! input into a 
input computer system, 
for example using 


Shows the direction 
of flow. 


An activity within 
the system. 


Process 


ea 
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Multiple printed 
document | documents. 


Magnetic | Storage ona 

disk magnetic disk, 
although in 
modern systems, 
other storage 
methods are likely. 


Magnetic | Data stored on a 
tape magnetic tape. 


Output on a visual 
display. 


Table 16.3: Flow chart elements. 


WORKED EXAMPLE 16.05 


Figure 16.4 is a flowchart for taking a hotel booking 
online. 


Guest | 
arrival 


sheets 


Print guests 
arrival sheets 


Edit the 
booking 


Enter hotel A 
booking / 


[ Save and print 
| the booking 
L 


Booking 
confirmation 


Validate the Correct 
booking data errors 


Figure 16.4: Online hotel booking flowchart. 


PCN 


Hote! bookings are input manually using a keyboard. 
While editing the booking, the data that has been 
input is displayed on the screen. Data for the guest 
who will be staying at the hotel is retrieved from 

the guests’ file. When the data has been input, it is 
validated and the user is required to correct any 
errors. A process then saves the booking and prints 

a booking confirmation document which can be 

sent to the guest. Each morning, guest arrival sheets, 
which include information about each guest and the 
room they will be staying in, are printed. Also in the 
morning, a checkout list is printed which shows which 
rooms are due to be vacated that morning. 


To create a system flowchart, identify the processes that 
take place within the system. Then identify the different 
files that will be used. Use arrows to connect process to 
data files with the arrow pointing towards the data file 
if data is being stored, or the arrow pointing towards 
the process if data is being retrieved. If user input is 
required, then add the manual input symbol at the 
appropriate place with the arrow pointing towards the 
process. Identify any documents that are produced by 
the system and link each one with a process with the 
arrow pointing from the process to the document. 


PRACTICAL ACTIVITY\16.04 


Create a system flowchart for the following 
scenario: 


A pizza delivery company accepts orders for 
pizzas by phone. The customer is asked for their 
address and the system checks the address is in 


the delivery file. The customer is asked for their 
order and the telephone operator inputs the 
order into the system. The order is added to the 
orders file. Payment details are then taken from 
the customer which are saved to the payments 
file. A receipt is printed for the customer and an 
order sheet is printed for the cooks. 


eo 
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Data storage 


Data dictionaries 

A data dictionary should be created to describe how data will be stored in tables within a database. The fieldnames 
should be identified along with their data type, field size and format. Primary keys and foreign keys be identified, 
including the names of tables to which the foreign keys link to. Any input masks, validation rules or default values 
should be identified for each field along with an example of what typical data might look like. 


ie RKED EXAMPLE 16.06 e 


This is an example of a data dictionary for a table about students. 


so ta 
Suden ID [integer [6 9999 z923 [ve O 
Forename [Text 120 tmo a 
[surname [Text {20 NS [zing | | 
Other names | Text 50 Loox | Required Xi la 


4 Ei 
ae S i 
Date of Birth | Date DD/MM/ | <= 10 years 12/04/2007 
YYYY before today 


Jate Joined | Date DD/MM/ | >= 10 years 01/09/2018 
| YYYY after date of 
birth 


Date Left Date [8 DD/MM/ | > [Date 
i YYYY Joined] 


Disability Boolean j1 _ False True r 


PRACTICAL ACTI 


Revise data types, field sizes, primary and foreign keys and validation from chapter 10. Complete the 
following data dictionary for a table of vehicles: 


Attribute | Default |Sample | Primary | Foreign 
Value Data Key 


Number of doors 
Imported? 
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An entity relationship diagram should be created to 
show the relationships between the tables that will be 
used. Refer to Chapter !0 for detailed information about 
entity relationships. 


Files 


Any files that will be used to import data should be 
designed, including the intended layout of data. Similarly, 
any files generated by the system should be designed, 
including the format in which the data will be exported. 
The type of files should be specified, for example, whether 
it is comma separated or tab delimited. The contents of 
each column should be specified including the expected 
data type, length and format of each column. 


Input forms 


Data collection forms 

Data collection forms are documents that are used to 
collect data without the use of a computer. These could 
include membership application forms, questionnaires, 


„r= 


i 


RDT ERATE 
Kanpa hT: 


Mirea Rony nha Thir 
ddim: go ™ 
Ley Tin aha fre 
Pinmi i hei 
yog Sabi ra b gwar Freed) | ii 
Behalle Qddrags ire inh eA agep i hp ota ara, 
F wriin Tieas ing aikacha die si Menn amid ass 


(hws ewes ce kee kyy v nwn PA HEH We be ama dpb rsa] 


Kusnbar of Domkreaa: Padi Tis Fari Tirma 


Birhiyrr Gelapees Miara maar eA a lea: 


Egis: 


Balan upy Maeda A Tanni ory 


AKWA L PAE RIB Ah! IN wE AEH I 
ember ip Dir anrai r 
E Fe Hasinean mpiya. 
a ee peel ier a epa] 
J i6Prpiyess -yM 
ren sim damniti ai 
I WA topise = - RUS 
UPD Se 1 ras TIS AH. 


D adsl Cobley L wii pu 
(BES par kblo haia) 

14 

tr 


We alae. ae Pian Soap ge ae 
PS eM F Te Ta A E 


Tisy jbr ary gevfibneal repr: i ee chda YDET 


J yl ah De ob iii epee 


16 System life cycle 


job applications or reply slips. It is important to design the 
form in such a way that the required data can be collected. 
When designing a data collection form, it is good 
practice to follow these principles: 


e avoid colour as the document may not be 
printed in colour 

e include instructions about how to complete the form 

e give clear instructions about where the form should 
be returned 

e identify which questions must be answered and 
which are optional 

e provide enough space for each answer 

e use tick boxes for multiple choice lists 

e make it clear how many options are allowed to be 
chosen from a multiple choice list 

e ensure ail fonts are consistently used 

e avoid cluttering the form with too much 
information or too many questions 

e 


ensure the font style and size are legible 


Membership Apzéication 


BRETHOD OF PUYEEHT 


Muas Araul a 

| Apiri Fee a 

Wiwbols Suwriadeg & 
Aki eum Roe, 
1 am 


ABR ee tr eb 


i 


40.00__ 


i piiri 

io Amih et he Sec ap er ra 
Diery rigs So of Caceres 

i tMaalarlsood 2 olan 


Meana. T gaynn wassece ed wane 


oak Sans ae ee 
mye eke 


SCOTT | Pear as ree patil be 
ka chore! ceed are Lees hed pee. 
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Figure 16.5: Example of a data collection form. 
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e if the respondent needs to complete a scale (e.g. 
1-10), then explain what the scale represents 
(e.g. 1 = very dissatisfied, 5 = neither satisfied or 
dissatisfied, 10 = very satisfied). 


VACTIVITY 16.06 


Explain how the application form in Figure 16.6 | 
could be improved. 


Membership Application Form 


Name 


Address 


Gender. 


Age. 


Do you have any disabilities? Y/N 


Which of the following types of movie do you watch? O Horror Q Action 
Q Drama O Comedy O Other 


Figure 16.6: Poorly designed form. 


Screen layouts 


A screen can be used to ask the user for data to be input 
or to display information to the user or a mixture of 
both. For example, Figure 16.7 shows information about 
a property that is for sale. It also allows the user to 
change details about the property or add details about a 
new property. 


Renee DA Hip: Property siie 


Figure 16.7: Screen example. 


When designing a screen it is good practice to follow 
these principles: 


e use colour sparingly and appropriately; different 
colours could be used for questions and responses 
or for different types of data; colours that the 


user expects should be used, for example green 
is usually seen as a positive colour and red as a 
negative colour 

e ensure all fonts are used with consistency 


e avoid cluttering the screen with too much 
information, but at the same time try to fit all 
information that needs to be viewed at the same 
time on a single screen 


e ensure the font style and size are legible 
e if the screen requires user input: 
e include instructions about how to 
complete the form 
e identify which questions must be answered and 
which are optional 
e provide enough space for each answer 
e use tick boxes for multiple choice lists that can 
have more than one response 
e use drop-down boxes (combo boxes) or option 
buttons (radio buttons) for multiple choice lists 
that can only have one response. 


See C*hapter 2 for detailed information about the types 
of form controls that can be used on input forms. 


When designing a screen or collection form, it is only 
necessary to indicate where questions and responses will 
go, the types of response options and the styles to use. 
The layout of any information should also be indicated. 
The developer will then follow the design. 


Arial, bold, 18, 
black 


e 
Title: Lesson Charge Calculator 


* Please select the type of lesson you require: 
drop-down box for type 
~ J9] of lesson: Beginner 
ww Test Retake 
Disqualified retake 
Advanced 


* Please select the number of hours you require: 
radio buttons 


O 1 Hour 
O 2Hours 
O 3 Hours 


* The total charge for your lesson will be: 


$ d + total charge for lessons in $ dollars 


Main Menu Clear Arial, bold, 20, 
4 4 black, yellow 
Button to Button to background 
return to clear screen 
main menu 


* Instructions in Arial, 14, black 800 x 600 screen 


Figure 16.8: Example of a screen design. 
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Validation routines 


PRACTICAL AC PAN 


Must be The 

a whole application 

number number 
must 
contain only 
numbers 


Revise validation routines from Chapter 1. 
Complete the following table. 


Validation Description Example 
type 


| | Presence 


Must be | Telephone 
between | number 
3and15 | must be 
digits between 


3 and 15 
digits 
Product Format XX999XXP | The product 
code code must 
be in the 
format 
XX999XXI9 
where X is a 
letter from 
Ato Zand 9 
is anumber 
from 0 to 9 


Validation rules should be used wherever possible 

and be appropriate in order to reduce the number of 
possible input errors. They only need to be used for 
input data so any calculations or output data do not 
require validating. Drop-down boxes should always be 
used instead of lookup validation checks. For example, 
if a category needs to be selected, then a drop-down 
box should be used to select that category rather than 
requiring the user to type in the category. Table 16.4: Examples of a design for validation. 


When designing a validation rule, identify the taput data 
that is to be validated, the type of validation rule to be 
used, the rule that will be used and the error message 
that should appear if the data input is invalid. Error 
messages should be positive and guide the user as to 
what to do to correct the error. 


Checking of data collected by forms 


In addition to validation rules, any intended methods 
for verifying data input such as visual checking, 
double data entry or hash control should be specified. 
See Chapter 1 for detailed information about these 
verification methods. 


Please enter 
a surname 


Surname 
must be 
entered 


Surname Presence 


Output reports 
The design of output screen layouts follows the same 


principal as input forms except that there is no need for 
instructions or input fields. 


Range Date of Applicant 
birth must | must be 
be at least | at least 18 


18 years | years old Printed copy layouts 
earlier 


When designing a printed copy layout, as well as 

= following the same principles for output reports, 
consideration needs to be made to the size of paper 
that will be used, the size of margins and the intended 
audience. Printed copies can often include tabular data. 


than today 


a) A 
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WORKED EXAMPLEMGD7 16 3 Development 
This example shows a report for listing all the I . 
products available. ana t est In g 


The development stage is often referred to as the 
implementation stage where the design is implemented. 
Due to the confusion between implementation 

of the design and implementation of the system, 
development is now a more commonly recognised and 
understood term. 


development: the stage in the system life cycle 
when the software is produced 


Key 


field titles (sho! ar at top of every page) 


field from the KY Te st a at a 


When a system has been developed, it needs to be tested. 
In order to test the system, data has to be created that 
will be used for the purpose of testing. This is known 
Figure 16.9: Example of report listing for products. as test data. The data used in this phase is a simulation 

a of ‘live data’. There will need to be enough test data 
generated to ensure that the system is able to cope under 
the pressures of large amounts of data in everyday 


data that Wow appear at the bottom of the whole report only 


|] dataWlabel 


1 The description, category and supplier 
data will be repeated for each record in the 


PRODUCTS table use. There will also need to be specific types of data to 
test different scenarios within the software, including 
validation rules and queries. 


2 n= page number, nn = total number of pages 
3 ## = total number of products in 


PRODUCTS table 
In addition to these points, the size of paper, size 
of margins, font styles and sizes, colours and any test data: data that will be used for testing a 
gridlines should also be specified. system 


PN When testing the input of data that is to be validated, 
O UAAP U Table 16.5 shows the types of data that should be 
Design the layout of a report that will show a list included as test data: 


of all the students in your class including their | 
dates of birth and contact details. 


Valid (also called Data that will be accepted by 
normal data) the validation rule. 


Questions 


Invalid (also called | Data that will not be accepted 


4 Identify the purpose of a data flow diagram (DFD). abnormal or by the validation rule. 
erroneous data) 


5 Identify one rule for data flows within a 
level 1 DFD. 


6 Describe the difference between a tick box and an 
option button. 


Ae A 
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Extreme (also 

called extreme | accepted by the validation 

data) rule because it is at the limit 
of acceptability. 


Data that will only be 


Table 16.5: Types of test data. 


~ WORKED EXAMPLE 16.08 


To test the validation rule that gender must be ‘M’ or 
‘F’, the following test data could be used. 

Type of test data 

Valid (normal) 


Invalid (abnormal or 
erroneous) 


To test the validation rule that a date must be between 
1/1/2017 and 31/12/2017, the following test data could 
be used. 


Test data 
12/5/2017 


| Invalid (abnormal or 15/7/2012, 4/6/2019 


erroneous) 


1/1/2017, 31/12/2017 


PRACTICAL ACTIVIT TA 


Select test data to test the input of numbers in 
the range 2500 to 5000. 


Test data is also needed to test queries. Records will 
need to be created where there is data that meets the 
criteria of the query, does not meet the criteria of the 
query, only just meets the criteria of the query and only 
just fails to meet the criteria of the query. Where there is 
more than a single criterion, data should also be selected 
that only meets part of the criteria in case both parts 
have not been set up correctly. 


DE AMPLE 16.09 


The following data for records could be used to test 
the query for males over the age of 50 (including 50). 


Gender Age Reason 


Record 
E number 


3 M 25 Gender part met, age 
part not met 


Gender part not met, 
age part met 


The more criteria that are used and the more 
possibilities for extremes, then the more records that will 
be required to test the query fully. 


PRACTICAL ACTIVITY 16.10 


Data is stored about cars, including their make, 
model, registration number, transmission 
(automatic or manual), colour, distance travelled 


and year of registration. Select test data that 
could be used to test the query to find all 
automatic transmission cars that were registered 
before 2016. 


The system will also be tested to see how it works under 
normai conditions and so a sample set of ‘live data’ will 
be used to test that the system functions correctly under 
normal conditions. ‘Live data’ is the actual data being 
used by the system once it has been implemented, and 
so a sample of ‘live data’ enables a simulation of a live 
system to take place. This type of testing with a sample 
of ‘live data’ will be carried out by the end-users in most 
circumstances. They will use the data as if they were 
doing their normal job, simulating different processes 
that they would carry out. 


Nn l 
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Alpha testing and beta testing 


Alpha testing is carried out by the developers or a 
specialised team of testers before a system is delivered to 
the user. This usually takes place close to the end of the 
development stage when the application is nearly ready 
for the user. Alpha testing can take a long time because 
each time an error is found, testing has to be repeated 
when the error has been corrected and there may be 
knock-on effects to other parts of the system. 


Beta testing is used when software is being made available 
to a large number of customers. Beta testers wii! be 

real customers who have been selected to test an early 
release of the application. Beta testing only takes place 
after alpha testing has been completed. Alpha testing 

is planned and structured using test data to follow all 
pathways through the software but beta testing involves 
customers using the software in a real world environment 
using real data. As bugs are found within a beta version, 
new beta versions will be released for further testing 
before a final version 1s released for sale. 


alpha testing: initial testing of the software by a | 
limited group of people 


beta testing: a sample of users test a pre-release 
version of the software 


Black box testing and white 
box testing 


Black box testing involves selecting input data and 
checking that the expected output data matches the 
actual output data, with no knowledge or understanding 
of what happens inside the black box. The black box 
could be the whole system or part of a system. White 
box testing involves the same process of input and 
output data but the internal structure and logic of the 
program are known to the tester. 


black box testing: testing of inputs and 
outputs to a system or part of a system with no 
consideration for the workings of the system 


white box testing: testing the whole system in 
terms of structure and logic covering all paths 
through the system 


White box testing usually takes place with small program 
modules and is carried out by the software developers who 
coded the programs. They will do this to ensure that each 
module works in the way it was intended, and because 
they know the inner workings of the module they can test 
pathways that a black box tester would not know about. 
The testing will be focused on whether detailed designs, 
such as validation rules, have been developed correctly. 


Black box testing usually involves testing the whole 
system or user testing. It can be carried out by specialist 
testers or, in the case of user testing, by the intended 
users. No knowledge of programming or the way the 
system works is required. The testing will be focused on 
ensuring the requirements specification has been met. 


White box testing needs access to a detailed specification, 
whereas black box testing does not require knowledge 
of how the system was developed. In black box testing, 
only a limited number of test scenarios are actually 
performed due to not knowing how each module works, 
but with white box testing, each module can be tested 
in-depth. Black box test plans are difficult to design 
because so many different input data options have to 

be considered along with pathways through the system, 
whereas with white box testing, test plans can be created 
for each calculation, navigation and input separately. 
With white box testing, the tester can identify the type 
of test data that will be required, particularly related to 
valid, invalid and extreme test data, but with black box 
testing, the tester may not know what the boundary 
values are expected to be. Due to needing to understand 
the code, skilled testers are required to carry out white 
box testing, whereas black box testing can be carried out 
by moderately skilled testers. 


The importance of testing and 
having a test plan 


Tesiing is necessary because no programmer or developer 
is perfect and errors are to be expected. These errors need 
to be found and rectified. It is important to ensure that 
the system is error free so that the users can use the system 
knowing that it will work reliably and behave as expected. 
Although it’s almost impossible to ensure a system is 
completely free of errors, a test plan can help to minimise 
the number of errors by ensuring that all pathways 
through a system and types of data have been tested. 


test plan: a detailed and structured plan of how 
testing should be carried out 
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This extract, from a test plan, tests the input of data where the date must be between 1/1/17 and 31/12/17. 


ription Type of test xpected result Pass/Fail 


12/5/17 
input ofjoin | Extreme [an 


eat: Extreme 
Invalid 
Invalid 4/6/19 


Extreme _ s] 31/12/16 
Extreme 1/1/18 


The reason the test for 31/12/17 failed to be accepted may be because <31/12/17 was used in the validation rule 
rather than <=31/12/17. Similarly, the reason 31/12/16 failed to generate an error message may be because >= 
31/12/16 was used in the validation rule rather than >31/12/16. 


A test plan will identify all the tests that are needed 


for every input, every button, every link, every report, Tesi p | ans 

every screen and all other elements of a system. The test A test plan will identify what is being tested, the type 
plan wii! include different types of test data, including of test, the input data that should be used to test it, the 
valid, invalid and extreme, so that inputs are tested to expected result of the test and space to record the actual 


their limits. Without this planning, important parts of 
testing would be missed out and errors could be left 
undiscovered. The plan will also cover all the user’s 
requirements and ensure that they are tested. 


A good test plan will provide a systematic outline of Create a test plan to test the input of data for a 
all features and functionality which will be continually character code between the letters D and P. 
updated to reflect any new risks as the software is 
developed. The test plan wili ensure that all aspects 
of running a test are considered and prevent aspects 
being missed out. The iesi plan is also important so 
that testers know what the testing regime will involve 
and that there is a mechanism for ensuring each test is 
carried out as planned and signed off. 


result. Each test will be numbered. 


PRACTICAL ACTIVITY 16.11 


As well as inpuis, it is important to test that all 
calculations work as expected. Each input for a 
calculation will need to be identified and an expected 
result determined. Table 16.6 shows an example of how 
testing of calculations might be planned and executed. 


rt d 


Test retake = $25 in | Pass 
quote worksheet 2 hours column 


Function for lesson Lesson type = advanced | Total charge = $19 | Fail = $1.90 
charge 


Number of hours = 2 on 
quote worksheet 


Table 16.6: Examples of test plan for calculations. 
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Any links or buttons also ueed testing. Table 16.7 shows 
how a navigation button (main menu) and an action 
button (clear) would be tested. 


Main menu 
button 


Button 


Click on main menu 
button on quote 


The main menu 
worksheet opens 


worksneet 


Clear button 
works 


Table 16.7: Example of a test plan for buttons. 


| Lesson type = advanced, | Lesson type = 


number of hours = 2 
Click on the clear button 
on quote worksheet 


Fail — number of 
(blank) Number | hours remained 
of hours = as 2 

(blank) 


Questions 


7 Describe the purpose of using extreme test data. 


8 Describe two differences between alpha and 
beta testing. 


Explain black box testing. 


10 Explain the importance of having a test plan. 


What would be the implications of rocket launch 


| system software not being fully tested? 


16.4 Implementation 


This section has the title ‘linulementation’, however, the 
term ‘installation’ can also be used. Implementation 
can have two meanings within the system life cycle and 
is sometimes understood to be the development stage 
where the design is implemented. 


KEY WORD 


implementation: the stage in the system life 
cycle when the software is installed for the user 


There are four different methods of impiementing 
(installing) a new system which can be remembered as 


the 4 Ps: 
e parallel e phased 


e plunge (direct) e pilot. 


fF UN 
360 X 


Parallel running 


Parallel running is when a new system and an old system 
are run at the same time. On an agreed date, the new 
sysiein will become live but the old system will continue 
to run. Data will need to be duplicated from the old 
system to the new system. New data will need to be input 
into both systems and output will be produced from 
both systems. This will continue until the organisation is 
confident that the new system is running satisfactorily. 


Direct changeover 


Direct changeover is when a date is chosen for the old 
system to stop running and the new system to start 
running. The systerns do not run at the same time 
and there is a clear break from the old system to the 
new system. Data will need to be transferred from the 
old system to the new system before the new system 
can be used. 


Phased implementation 


With phased implementation, parts of the new system 
will be introduced one at a time. This often takes place 
when there is a large system with lots of functionality 
that can be easily separated into sections. The old system 
will run until a date that has been agreed, at which point 
part of the old system will be retired and part of the 
new system will start running. After a while, another 
part of the old system will be retired and another part 
of the new system will start running. This will continue 
until the complete new system is fully running. 


oe 
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Pil ot im plementatio n e how critical the system is to the running of the 


organisation 
Pilot implementation takes place when part of an 
organisation starts to use the new system while the rest 
of the organisation continues to use the old system. The e number of users in the organisation 
new system is effectively being beta tested by the pilot 
group who may also be able to deliver training to the 
rest of the organisation when the system goes fully live. The advantages and disadvantages of each method is 

shown in Table 16.8. 


e cost 


e the size of the new system. 


Choosing an implementation 
method 


The most suitable changeover method will always 

be dependent upon the individual circumstances 
surrounding a new system. Factors that will need to be 
taken into account will include: 


Parallel Less risky because if the new system | Duplication of data input means additional 
fails the organisation can continue to run | staffing costs. 
using the old system. 


There may need to be additional hardware 
installed at the same time as the old hardware 
is still being used, which will require physical 
space. 


The accuracy of the new system can be 
tested against the old systern and any 
errors can be fixed. 


Data may be input differently into the two 
systems, meaning that the data is not accurate 
in both. 


This is a risky method because any errors 
could lead to the system failing with no 
fallback. 


All the training will need to be done in 
advance of changeover and so if there are a 
lot of users this could result in some forgetting 
į what they've learned by the time they start to 
use the new system. 


This is cheap to implement because there 
is no duplication of work. 


The data being used will be consistent 
because it is only being used in one 
system at a time. 


There is no need for the new system to 
be compatible with the old system. 


Phased If there are any errors, they will only affect | Delays can occur waiting for each phase to 
the part of the system that has changed be running successfully before the next phase 
over rather than the whole system. can start. 


End users can be trained how to use each | Users will be using two different systems and 

phase of the new system and spend time | they may get confused as to which system 

using that phase before being trained in | they should be using for which part of their 

the next phase. work. This could lead to data being updated 
in the wrong system. 


Both the old and new system need to be 
compatible with each other in order for data 
to be used across both systems. 


a O EB“ FE 
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all users. 


have experienced using it for real. 


| If there are any errors, they will only affect | This is a slower method of changeover 
the pilot group that are using the system 


Any errors found by the pilot group can 
be fixed before the system is installed for 


The pilot group can train other users on 
how to use the system because they will 


because the rest of the organisation has 
to wait until the pilot has been completed 
satisfactorily. 


Users in the pilot group might not be happy 
about using the new system while it may still 
have some errors in it and users not in the 
pilot group may be disgruntled that they have 
not been offered the opportunity to try the 
new software first. 


Both the old and new system need to be 
compatible with each other in order for data 
to be sharec between the pilot group and the 
users sti!l using the old system. 


Table 16.8: Advantages and disadvantages of implementation methods. 


Questioris 


11 Identify four methods of changeover. 


12 Describe one situation when direct changeover 
would be more appropriate than parallel 
changeover. 

13 Describe one situation when pilot changeover would 
be more appropriate than phased changeover. 


Find out what happened in 1992 when the 


London Ambulance Service Computer Aided 
Dispatch system failed. What lessons can be 
learned from this? 


16.5 Documentation 


Technical documentation 


Technical documentation is an overview of the structure 
of the system, how it was put together and how it works. 
It will include a data dictionary to show how data has 
been structured within the system. Any programming 
code or macros will be annotated to explain their 
purpose and anything unusual, along with a list of 
variables including their datatypes and purpose. All 


validation rules will be listed with the criteria used 

for successful input and the error messages that they 
generate. The purpose of calculations within the system 
will be identified and an explanation given of how each 
calculation works. All buttons and links will be listed, 
including where they are located and what their function 
is. All files used by the system will be listed and their 
purpose identified. The technical documentation will 
also include flowcharts to show how different parts of 
the system work and other diagrams that may have 
been used during design and development such as entity 
relationship diagrams and screen connectivity diagrams. 


~ 
D 


technical documentation: an overview of the 


structure of the system, how it was put together 
and how it works 


There will be an installation guide for the installation 
team and also in case the system has to be installed 
again in the future. All the results of testing will be 
recorded, including any known errors and bugs. Backup 
routines will be detailed to show where files are stored, 
how the routines were configured and how to restore 
from a backup. All security settings will be documented 
to show which groups have access to each part of the 
system and the permissions they have been granted. The 
software and hardware requirements will also be listed. 


NN O G O O űl 
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User documentation 


User documentation is a user guide giving instructions 
to the user. It can be in electronic or printed format. 

A printed user guide should have a front cover that 
clearly identities the name of the system and the whole 
guide should have a header or footer with page numbers. 
A contents page should be included with page numbers 
and an electronic version would include hyperlinks to 
those pages. An introduction to the purpose of the user 
guide should be included, but it only needs to be a few 
sentences. All the software and hardware requirements 
will be listed within the guide. 


user documentation: a user guide giving 
instructions to the user on how to use 
the software 


U 


No paper in feeder tray. 


printer. 


Red light displayed on 
printer. 


Error message on computer 
says ‘Printer Offline’. 


Printer is turned off. 


the computer. 


Paper is jammed in the 
printer. 


Printer is not connected to 


The main part of the user guide will be the instructions 
on how to use the system. This should include written 
instructions together with screenshots of the system 

or photographs of hardware. Arrows can be used to 
point to parts of screenshots or photographs. Bullets or 
numbering should be used to break instructions down 
into manageable tasks. 


A glossary will show an alphabetical list of any technical 
terms that have been used within the user guide and a 
definition of each of those terms. There should be a 
troubleshooting section that includes a table of common 
problems (for example, error messages) together with a 
description of what might have caused the problem and 
possible solutions for overcoming the problem. An index 
will be included at the end of the user guide with page 
numbers for each popular term. 


Solution 


Add paper to the feeder tray. 


Open the paper feeder tray and check there is 
no paper stuck there. Open the back door and 
check there is no paper stuck there. Open the 
toner door, remove the toner and check there 
is no paper stuck there. If any paper is found, 
gently pull any paper that is stuck. 


Turn on printer. 


| Ensure the USB cable is connected between 
the computer and the printer. 


Nn l 
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Below is an example of a troubleshooting guide for an order processing system. 


v, : 
Problem ; Cause Solution 


-Microsoft Access 


D Not enough items in stock 


On the New order form 
you have specified a 
quantity larger than the 
amount currently in stock. 


Enter a smaller quantity. 


Figure 16.10: Error message 1. 


Microsoft Access ET | On the Order details form 
you have ticked the Paid 


Check the invoice has been dispatched. If it 
has, then tick the Invoice dispatched box. 


(i) Invoice cannot be paid if not dispatched box before the Invoice has 


been dispatched. 


Figure 16.11: Error message 2. 


: what has caused an error to occur and what they need to 
a do in order to stop the error from occurring. 


Find a user manual for an electronic device or 
appliance at home. Identify the different sections Q : 
that are used and compare them with those uestions 


listed in Worked Example 16.10. 14 Give three sections you would expect to find in user 


documentation. 


15 Describe the purpose of a glossary in user 


Why technical and user documentation. 
4 16 Give a situation when technical documentation 
documentation is needed would be needed. 


Technical documentation is required so that anybody 
carrying out future maintenance on the system will 


be able to understand how the system was developed 1 

and how it is configured. It is unlikely that the person 1 6 ý 6 Eva | u at ION 

carrying out future maintenance is part of the original When a system has been developed and installed, the 
development team and so will not be familiar with whole process will be evaluated. This is sometimes 

the system without the technical documentation. referred to as a review. The evaluation will consider how 
Even if it is the same person or team carrying out the the project team and end users worked together so that 
maintenance, they will need the documentation to lessons can be learned for future projects. 


remember the structure of the system. 


User documentation is needed so that the user can 
learn how to use the new system or look up how certain 
features are supposed to work. The troubleshooting evaluation: a formal review of a project 
section will be important for the user to understand `A! 


NN G űl 


364 Y 


Copyright Material - Review Only - Not for Redistribution 


16 System life cycle 


Users will be given questionnaires to find out what 

they think of the new system and how they feel it is 
improving their workflow (or not). Selected users will 
also be given specific tasks to complete that will be 
observed to see whether the new system is living up to its 
expectations. Sonie users will also be interviewed about 
their interaction with the new system. 


The most important question to be asked will be 
whether the system meets the user requirements. Each 
requirement will be considered in turn to determine if it 
has been fulfilled. If it hasn’t been fulfilled, then actions 
will be set to rectify the situation in the long rvn. The 
efficiency of the new system will also be discussed. Users 
will have been given an opportunity to feed back on how 
well the new system is working for them and if there are 
any problems. It is expected that ihe new system will 
work more efficiently than the old system. However, if 
there are problems that need addressing, then actions 
will be taken. 


The requirements specification should have specified 
how easy the new system should be to use. This can be 
rather subjective and so it is difficult to measure. Again, 
feedback wiil have been gained from users as to how 
well they have adapted to the new system and how easy 
or noi they find it to use now they are using it regularly. 
If there are issues regarding ease of use, then plans can 
be made to simplify any processes by adding additional 
features to the software if necessary. 


There will also be an opportunity for users to make 
suggestions for future improvements or additions to 
the system. 


Question 


17 State three elements that might be evaluated after a 
system has been installed. 


16.7 Maintenance 


Maintenance takes place after a system has been 
delivered to a customer and it is being used. There are 
four reasons why maintenance might be required, which 
are outlined here. 


maintenance: changes made to a system after its 
implementation 


Perfective maintenance 


The idea of perfective maintenance is to be always 
looking to improve a system. There may not be anything 
wrong with the system, but there may be ideas to make 
the system perform better or to do additional tasks. 
Sometimes improvements might be possible because of 
new technology that has become available. 


If a system remains in place for several years without 
any improvements, then it may become outdated 

and inefficient compared with other systems that 

are available. Users will also have new ideas and if 
they are likely to improve efficiency then they should 
be embraced. 


For example, an online accounts application sends 

out automatic reminders to customers when payments 
haven’t been made. These reminders are sent to a single 
customer contact. The system only allows for the 
contact details of one person to be stored. Many users 
of the accounts application have requested that the 
system be adapted to store details of multiple contacts 
for each customer and that contacts who should receive 
invoice payment reminders are identified within the 
software so that they go to the right person. 


Adaptive maintenance 


Systems need to adapt to changes. There could be 
changes to internal procedures within an organisation 
or changes over which the organisation has no control. 
For example, new government legislation could be 
introduced to which the system has to adapt. It’s 
necessary to adapt to changes so that the system 
continues to work effectively and doesn’t produce 
incorrect outputs. It’s important that the system enables 
an organisation to comply with new laws. There is 

also a need to adapt to new technology such as a new 
operating system, new web browser and new hardware. 


For example, the government introduced new 
requirements for organisations to provide pensions to 
all employees. The online accounts application needed 
to be updated to include a facility for checking that all 
employee payslips include pension payments unless they 
have opted out of the scheme. The accounting software 
was supposed to show a paper clip symbol to indicate 
that a receipt had been upioaded against a recorded 
expenditure. When a web browser was upgraded, this 
paper clip stopped being displayed. The software had to 
be adapted to work with the new web browser. 
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Preventative maintenance 


Preventative maintenance is required to prevent 
problems arising within a system. This can apply to both 
hardware and software. Hardware should be regularly 
cleaned to stop dust from blocking any fans and regular 
scans of storage media should be carried out to ensure 
they ere working properly. Heat should be monitored 
within systems for any abnormalities to prevent 
hardware failures. Data should be regularly checked for 
consistency and integrity. Performance of the system 
should be monitored to ensure that the processor, 
memory and storage are all working efficiently. By 
carrying out regular preventative maintenance, system 
downtime can be avoided. 


Corrective maintenance 


When errors or bugs are found within a system they 
need to be corrected. This will be the responsibility 

of the original developers, although it may be different 
people that carry out the maintenance. These errors 
need to be corrected so that the system can run 
efficiently and accurately and produce the results 
required by the organisation. Bugs that cause problems 
by making a system slow or by crashing a system 

can be very frustrating to users and reduce overall 
productivity. 


For example, a graphics application would intermittently 
stop responding for several seconds. This was not 
supposed to happen and so corrective maintenance 

was required. 


How maintenance is carried out 


There are many ways in which maintenance to software 
can be carried out, but one widely used methodology 
similar to the software development life cycle (SDLC) 
is the maintenance process model. The maintenance 
process model includes the following stages: 


Identification 
and tracing 


Maintenance 
activities 


Maintenance 


Implementation 
management 


Acceptance 
testing testing 


System 


Figure 16.12: Maintenance activities. 


Maintenance needs to go through the same stages as 
software development because the software is being 
further developed. Testing is still very important because 
any changes made could affect existing parts of the 
system. The maintenance team can be formed using one 
of three different approaches: 


e separating development and maintenance: the 
maintenance team will be different to the original 
development team. 


e combined approach: the maintenance team will 
include both maintenance specialists and members 
of the origina! development team. 


e functionai approach: this is similar to the combined 
approach, but systems personnel are assigned to 
functional areas within an organisation where 
they are responsible for both development and 
maintenance within that functional area. 


Maintenance starts with the identification and tracing 
stage. A modification request (or problem report) will 
be generated which could be a request by a user or it 
could be as a result of collating error logs from the 
system. The modification request must clearly describe 
the existing functionality of the system and the desired 
functionality of the system. The modification request 
will need to be classified as either perfective, adaptive, 
preventative or corrective maintenance. 


During the analysis siage, a change impact analysis 
will take place. An impact analysis involves identifying 
all systems and software that will be affected by the 
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change, the risks associated wiih the change, an estimate 
of the resources that will be required to implement 

the change and a cost-benefit analysis of the change. 

If the impact of the change is considered to be severe 
then an alternative solution may be sought. If the 
impact is manageable then the required modifications 
from the modification request will be analysed with the 
customer to form a requirements specification for the 
modification. 


The design stage of the maintenance process model 
closely follows the design stage of the SDLC. There 
will also be a need to identify any new moduies that 
are required, any modules that need to be replaced, 
any modules that need to be modified and any modules 
that need to be scrapped. Test plans will be created in 
preparation for the testing stage. 


The implementation stage is very similar to the 
development stage of the SDLC but should not be 
confused with the impiementation/installation stage 
of the SDLC. Implementation will involve following 
the design to implement the changes to modules. A 
technique known as software re-engineering will be 
used. Software re-engineering can involve: 


e deciding whether the whole system needs re- 
engineering or just part of it 


e performing reverse engineering to obtain 
specifications of the existing software 


e restructuring the program (if required) 
e restructuring the data (if required) 


e forward engineering to get the re-engineered 
software through software engineering methods. 


Reverse-engineering involves analysing and 
understanding the existing system to produce a 
system specification. This is required when original 
specifications are unavailable. The process involves 
examining the code in depth to generate a design. The 
design is then used to generate a system specification. 


Program restructuring could involve re-writing the 
program in a different programming language or 
restructuring the way modules are used within a 
program. Program restructuring is often required to 
enable obsolete hardware to be decommissioned. 


Throughout the implementation stage, modules that are 
introduced or modified should be tested, including their 
impact on other parts of the system. The impact on the 
rest of the system of scrapping any modules should also 
be tested. 


During system testing, new and modified modules 

will be tested together as a group. This type of testing 

is known as integration testing because the testing is 
designed to expose faults in the interaction between 
integrated units. Following this, regression testing will 
take place. This is effectively re-running the original test 
plan for the original software to ensure that the software 
continues to perform as expected after the change. It is 
called regression testing because if a change causes a 
new fault, then that is a regression. 


Acceptance testing involves the users testing the system 
following the change. Users will be able to confirm 
whether issues have been addressed by the change or 

if there are any adverse effects on the system following 
the change. Simple raodifications to a system may not 
require this stage. 


The delivery stage is similar to the implementation/ 
installation stage of the SDLC where the existing 
software wiil be upgraded to include the modification 
that has been developed. This will include any 
additional training that is required by users and updates 
to the user documentation. 


Maintenance management is an essential part of 
maintenance in terms of documenting changes. It 
involves ensuring that version control is in place and 

is fully documented. Version control identifies each 
update made to the software and will include technical 
documentation for that update. Without version 
control, software revisions become unmanageable and 
it is impossible to identify when changes were made 
and what impact those changes may have had on the 
software. This makes finding a bug in the system very 
difficult because there is no documentation to show the 
changes which may have caused that bug. 


Cuestion 


18 Give a situation when corrective maintenance 
would be required. 


Discuss the types of software maintenance you 
have seen take place on mobile phones. 
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16.8 Prototyping 

A prototype is a ‘mock-up’ of a software solution in 
a primitive form. It is used during the design stage to 
demonstrate how a system will look and work. It is 
usually focused on the user interface, rather than any 
data structures. It is used so that the client can get a 
feel for the new system before it is developed and can 
provide feedback that can then be acted upon. The 
client is also able to compare the prototype against 
the requirements specification. The client also has an 
opportunity to explain their requirements more clearly 
having seen the designer’s interpretation 


prototype: a ‘mock-up’ of a software solution in 
a primitive form 


Types of prototyping 


Incremental prototyping 


This type of prototyping takes an iterative approaci 

in that requirements are specified, an initial prototype 

is developed, the prototype is reviewed and then 
requirements are clarified and the prototype is improved 
based on feedback. 


Initial requirements 


Y 
Initial prototype 


Feedback 


Refine requirements 


y 
Refine prototype 


Y 
Final product 


Figure 16.13: Iterative prototyping. 


Each prototype will build upon the previous one and 
include more functionality until a final product is built. 
At each stage, only clearly understood requirements 

are developed. Each prototype can be functional and if 
required can be used by the client until the next iteration 
of the prototype is ready. This means that the end users 
may request enhanced or new features that they discover 
they require as the prototypes are being developed, 
features they wouldn’t have envisaged at the initial 
requirements specification stage. 


Evolutionary prototyping 


Evolutionary prototyping follows a similar pattern 

to incremental prototyping in that it is iterative in 
nature. However, unlike incremental prototyping, there 
is no requirements specification at the start of the 
project, but instead there might be a goal or an aim. 
Both the analyst and developer begin the project by 
brainstorming ideas. The developer will start working 
on some of the best ideas so far while the analyst will 
discuss with the customer what the problem is and what 
is needed to solve the problem. 


After a few days, the analyst and developer will compare 
notes. The developer will demonstrate how they have 
implemented ideas and the analyst will talk about what 
the customer has said. Following this discussion, the 
developer will continue with development focusing on 
the needs of the customer that are understood most 
clearly, while the analyst will get feedback from the 
customer and get more clarification on their needs. 
This process will continue as the product evolves from 
a goal to a usable piece of software. This evolutionary 
approach is often used by start-ups or where new ideas 
are being experimented with. 


Throwaway/rapid prototyping 

With throwaway prototyping, also known as rapid 
prototyping, the prototype will never become part of the 
final delivered software, but will be discarded. A loosely 
working model is created following a short investigation, 
with the aim being to get something tangible to the 
client as soon as possible for feedback as to how well the 
requirements are being met. 
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Initial requirements | È 
4 The end users will be When users see the 
1 b involved more in the prototype, they can 
Rapid prototype process, giving them often get lots of new 
more ownership of the | ideas about features 
t solution and providing | they would like to be 
Client feedback valuable feedback. included, which can lead 
to disappointment if 
' these features can't be 


funded. This is known as 
‘feature creep’. 


Specify final requirements 


If the prototype is When users see what 
evolutionary, then users | looks like a working 
can get used to using interface with a 

parts of the system throwaway prototype, 
before having to use the | they don't realise how 
whole system, which will | much more effort is 
reduce the need for bulk | required to make it 
training into a working solution 
and may have false 
expectations as to the 


Figure 16.14: Throwaway prototyping. 


This enables the requirements to be fine-tuned early in 
the process, which is more cost-effective than trying to 
make changes later when considerable work has been 
carried out. The main aspect to the prototype will be the 
user interface which the client will be able to test and 
experience. The interface will appear to work by being 
simulated. It's much cheaper to 
make changes earlier in 


timescale. 
the process than after 
The advantages and real development has The iterative process of 
: . taken place. feedback can sometimes 
disadva ntages of prototyping last too long if the user 


is regularly wanting 
changes to be made to 
the latest prototype. 


The advantages and disadvantages of prototyping are 
shown in Table 16.9. 


By listening to feedback | The initial costs of 

from end users, developing a prototype 
the developers will are high compared with 
have a much better traditional designs. 
understanding of what 

the users are expecting 

and so a better 

quality solution will be 


provided. 


- 


Requirements analysis 
can be rushed, meaning 
i that prototypes don't 
reflect much of what 
the end users were 
expecting. 


Problems can be 
identified early during 
the process and 
modifications made 
before it becomes very 
costly to make changes. 


Requirements can be 
clarified and refined 
following feedback on 
the prototypes. 


With rapid prototyping, 
the prototype can 
become rushed and, 
when trying to develop 
it into a working system, 
it may have significant 


Table 16.9: Advantages and disadvantages of prototyping. 


design flaws or structural Question 
errors that carry through 19 Compare and contrast evolutionary and throw- 
to the end solution. away prototyping. 
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16.9 Methods of 
software development 


Types of development 


Software development tends to fall into two main 
categories which are incremental development and iterative 
ceyeiopment. Both types of development can be followed 
rautually exclusively or in co-existence with each other. 


KEY WORDS 


incremental development: creating a system or 
adding new functionality in small parts 


iterative development: creating a system or 
adding new functionality in a repetitive cycle 


Incremental development is about development in 
phases. Part of the software is developed fully, including 
improvements from feedback, before moving on to the 
next part of the software. 


Iterative development is about planned rework 
tiroughout a project. It allows for feedback to be given 
by the customer and improvements to be made based on 
that feedback. It usually involves building a bit of every 
part of a solution before seeking feedback and then 
revisiting the whole solution to make improvements. 


A typical analogy used to describe incremental and 
iterative development is that of an artist. A landscape 
artist following the incremental approach might start 
by painting a picture of a house and perfect that picture 
before moving on to painting something else. Then 

the artist may paint a tree and perfect that tree before 
moving on to the next object. 


A landscape artist following the iterative approach 
would sketch an outline of the whole landscape. The 
artist might then start to add background colour to ail 
parts of the landscape. The artist might then start to 
add details to all parts of the landscape. The artist will 
keep revisiting the picture and changing it until they are 
happy with the final picture. 


Development methodologies 
Waterfall method 


f cr ; 
| Design | y 
i 


Implementation L Ż 


Figure 16.15: Waterfall method. 


The waterfall method is an iterative development model. 
The waterfall method involves gathering all the user 
requirements at the beginning of the project. There will 
be considerable communication with the user at this 
stage in order to elicit the requirements of the potential 
solution. When the requirements are defined, the process 
runs ‘downhill’ like a waterfall. 


During the design stage, the interface and the structure 
of the system will be designed. During implementation, 
often referred to as development, the system will be 
developed, which often involves programming. The 
purpose of the verification phase is to ensure that the 
project meets the customer’s requirements. The system 
will then be used and during its use there may be 
problems that are discovered that need to be corrected 
or other changes that need to be made. This is known as 
maintenance. 


As each stage starts, changes may need to be made to 
the previous stage as a result of user feedback or lessons 
that have been learned during that stage. This is what 
makes the model iterative. 


The waterfall method relies upon the requirements being 
clearly defined, which is an unrealistic expectation, so 

it is fundamentally flawed. It was originally used in 
manufacturing and then adopted into computing, but 
with adaptions that included the need to revisit the 
requirements. 
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The system life cycle discussed in this chapter is based 
on the waterfall model and there are many variations in 
existence. 


The advantages and disadvantages of the waterfall 
method are shown in Table 16.10. 


Each stage is completed | The customer only sees 
before moving onto the product at the end 
| the next stage making of the project. 
management of the 
project more structured 
and controllable. 


It's hard to measure 
progress within each 

| stege because the 

| milestones are just the 
beginning and end of 
each stage. 


It's a simple model to 
understand and use 
because each stage is 
distinctly separate from 
the other stages. 


It doesn't work well for 
complex projects where 
the requirements cover 
a large variety of aspects 
and aren't clearly 
understood by everyone 
involved. 


It works well for projects 
where the requirements 
are clearly understood 
and are unlikely to 
change. 


Projects can take longer 
to deliver than other 
methods because of the 
emphasis on planning 
and documentation. 


The process followed 
and the resulting 
software are well 
documented, meaning 
new team members can 
get up to speed very 
quickly. 


Client involvement is 
limited to set times 
within the project which 
can lead to requirements 
not being met to the 
client's expectation. 


The client and project 
team work to a set 
timescale and a set 
budget which removes 
a lot of uncertainty from 
projects. 


| 


The model doesn’t 
accommodate changes 
to requirements. 


The requirements are 
clearly set from the 

| beginning of the project 
and are used to measure 
the project's success 
when it is completed. 


Table 16.10: Advantages and disadvantages of the 
waterfall method. 


Agile 

The agile approach to software development is able to 
respond to a customer’s changing requirements, even 
late in the development life cycle. It is expected that 

the customer’s requirements will evolve as the project 
develops. The process can cope with change and harness 
that change for the benefit of the customer. 


Following the agile approach, individuals and the 
interaction between people is valued more highly 

than design processes and tools. Similarly, it is more 
important that working software is developed than 
having comprehensive supporting documentation. 
Collaboration with the customer is expected to underpin 
the whole project with contract negotiations taking 

a less important role. While planning is necessary, 
flexibility is more important in the agile approach and so 
responding to change is essential. These are summarised 
in a manifesto for agile software development 

as valuing: 


e individuals and interactions over 
processes and tools 


» working software over comprehensive 
documentation 


e customer collaboration over contract negotiation 
e responding to change over following a plan. 


Unlike the waterfall model which has separate phases 
throughout the system lifecycle, the agile approach uses 
iterations with each iteration including the planning, 
design, development and testing of part of the software. 
At the end of an tieration, a working solution for that 
part of the software is ready for demonstration. Several 
iterations are usually required before a product is ready 
to be released or updated. 


As an iieration includes designers, developers and 
testers, they are expected to be located in the same place. 
This ensures a collaborative approach to each iteration. 
Each team will also include a customer representative, 
sometimes referred to as a product owner, who 
represents the client and must be available to developers 
throughout an iteration. Working closely together means 
that feedback is instantaneous and enables a flexible 
approach to be taken to the design and development. 
There will often be a daily ‘scrum’, which is a briefing 
session where each team member reports to the others 
on their work so far and their plan for their next stage 
of development. 


One technique used in agile software development is 
pair programming where two programmers work at the 
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same computer with one being the driver who writes the 
code and the other being the observer who reviews each 
line of code. The observer is expected to think about 
potential improveinents that could be made and pre- 
empt potentia! problems that might take place. 


Agile is both iterative and incremental. It’s incremental 
because each iteration can be planned to be improved 


| . v 
ke 

The customer gets to see completed parts of 
software quickly which enables them to adapt their 
requirements for other parts of the sofiware. 


The customer, designers, developers and testers are 
constantly interacting with each other which reduces 
delay. 


If the business needs aren't fully known at the start 
of the project then they can evolve as the project 
progresses. 


There is unlimited access to the customer which 
means their needs are more likely to be met. 


There is no complicated bureaucracy that delays 
decision making. 

Tne customer doesn't have a fixed budget or 
timescale so customer needs can be met above 


timescales and budgets. 


Parts of the software can be deployed when they are 
ready so the customer sees the value of that software 
sooner. 


Bugs and problems can be fixed quickly because the 
designers, developers and testers for each iteration 
are working closely together. 


upon in future iterations. It’s important not to get the 
words iteration and iterative confused. Each iteration 
increments the existing functionality and each iteration 
is iterative in nature. 


The advantages and disadvantages of agile software 
development are shown in Table 16.11. 


As requirements change, it's difficult to know how 
much a project is going to cost and how long it will 
take. 


The project can easily go off track if requirements 
change too much. 


Experienced senior programmers are needed to be 
able to make quick decisions during each iteration. 


There wiil be minimal documentation produced which 
means new team members can take longer to get up 
| to speed with the project and there can be a large 


| learning curve when maintaining the software. 


Projects may seem to never have an end in sight. 


Not having a fixed budget or timescale creates a lot 


of uncertainty for the client and is not a popular move 
with senior members of an organisation. 


The software, especially the user interface, can 
become disjointed because each iteration is worked 
on separately. 


Table 16.11: Advantages and disadvantages of agile software development. 


Rapid application development 


Rapid application development (RAD) uses prototyping 
to develop a system in a very short time frame, usually 
less than six months. Instead of following a traditional 
requirements gathering approach, requirements are 
gathered through focus groups. Users are key players 

in the prototyping stage and provide feedback for 
refinements. This type of user invo!vement is known as 
joint application development (JAD) because the user is 
jointly involved with the deveioper in the development 


of the system. Less time is spent on planning and design 
and more emphasis is put on the development phase. 


rapid application development (RAD): use of 


prototyping to develop a system in a very short 
time frame 
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Strict deadlines are allocated throughout the 
development of the system to ensure that the product is 
developed and finished on time by allocating time boxes 
to the development of each requirement. This requires 
understanding from the user that, if requirements are 
too complex, then they must be simplified or removed 
from the project. The RAD approach will also try to 
reuse any modules of software that already exist and are 
available. rather than always developing from scratch. 
Software application frameworks can be used to develop 
the solution whereby a complex graphical user inierface 


/ 


The high level of user involvement means that the end 
solution is more likely to be suitable for the end users, 


who will also have ownership of the solution. 


Users are often not sure of what the requirements 

of a system should be from the outset and so 

the evolutionary approach of RAD enables the 
requirements to evolve. 

As users are involved throughout the whole project, 
it is quickly recognised when a requirement is 
overambitious and therefore the requirement can be 
simplified or removed at an early stage. 


The sirict deadlines ensure that the project will be 
completed on time and prevents ‘feature creep’. 


Prototyping of the interface with user invoivement 
means less time is spent on design and more on 
development, leading to a shorter overall project. 


Software application frameworks mean that a user 
interface can be developed quickly and users can 


and reports. 


Table 16.12: Advantages and disadvantages of RAD. 


even be involved in configuring the layouts of screens 


can be created using drag and drop functionality. This 
enables users to be involved in the actual design of the 
interface as part of the JAD approach and they can see 
the interface taking shape in real time. 


RAD is based on an incremental model in that each 
timebox will deliver specific functionality. However, it’s 
not necessary to complete a timebox before moving onto 
another one as timeboxes can be developed in parallel. 


The advantages and disadvantages of RAD are shown 
in Table 16.12. 


Requirements are not cleariy specified from the outset 


and so the final solution may not meet the entire 
needs of the organisation. 


Users are required throughout the whole process and 
they also have their normal day jobs to do. This can 
lead to work overload or the need for temporary staff. 


The structure of the system may be compromised, 
leading to instability, as the focus is on the user 


| interface and getting a system developed rapidly. 


The strict deadlines mean that some parts of the 


project could be rushed and not completed to a high 
enough quality. 


Existing software modules will not have been 
designed for the exact requirements of the system 
and so may not provide sufficient functionality. 


Software application frameworks don’t produce 
particularly efficient code and so the end solution will 
not run as quickly as if it had been developed from 
scratch. 


Users who are not involved in the JAD approach may 
be disappointed that they didn’t have a say in the 
process and the system may not meet their specific 
needs. 


Questions 


20 Describe the differences between incremental and 
iterative methods of development. 


21 Describe joint application development. 


Discuss whether there is a perfect methodology 
that would be right for every project. 
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Thornhill Estates runs several hotels. It would like a new software solution to manage room bookings, dinner 
reservations and purchases across all its hotels. It has asked a scftware developer to produce the software for them. 
The software developer will follow the system life cycle. 


1 a Siete one purpose of analysis in the system life cycle. [1] 
b Suggest four reasons why questionnaires wou'd be appropriate for researching how bookings are 

currently managed at the hotel. [4] 

c State three other methods that could be used to research the current booking system. [3] 

[Total 8] 


The analyst will interview a group of users to create a requirements specification. 


2 State the purpose of a requirements specification. [1] 


The designer will create a design specification based on the requirements specification. 


3 a Identify three factors that should be considered when designing a screen layout. [3] 
b Using an example, show how a validation rule could be designed for the hotel booking system. [3] 
c Apart from keyboards, mice and monitors, describe three external hardware components that will 
be needed by the hotel system. [3] 
[Total 9] 


An evolutionary prototype approach will be used during tie design and development of the software. 


4 a Define the term ‘prototype’. [1] 
b Justify the manager’s choice of an evolutionary approach. [4] 
[Total 5] 


Once the system has been developed, it will need to be tested. 


5 a Describe two differences between white box and black box testing. [4] 
b Explain one reason why beta testing might not be appropriate for the kotel system. [2] 

c Explain why invalid test data is used. [2] 
[Total 8] 


The system will be installed in a pilot approach and user documentation will be provided to the hotel staff. 


6 a Justify the choice of the pilot approach of installation ror tie hotel system. [4] 
b Explain why the user documentation should include troubleshooting and glossary sections. [4] 

c Suggest four reasons why the hotel system may require maintenance in the future. [4] 
[Total 12] 
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I can describe ie stages in the system life cycle. 

I can describe methods of research for a given situation. 

IĮ can understand the content and purpose of specifications. 

I can construct diagrams to represent system processig and the flow of data through a system. 
(can design data storage, input forms and cutput reports. 

I can create a test plan and understand its vurpose. 

I can select appropriate test data. 

I can describe the differences betwee alpha and beta testing. 

I can describe the differences between white box and black box testing. 

I can describe different methods of implementing a system. 

I can explain the advantages and disadvantages of each implementaticu method for a given situation. 
I can describe types of documentation and explain why each is nceacd. 

I can describe the contents of documentation. 

I can exp!em methods of evaluating a new system. 

I can describe different types of maintenance and exviain why each is needed. 

l can explain how each type of maintenance is carried out. 

{can explain different types of prototyping aid explain why each is needed. 

I can explain the advantages and disadvantages of each type of prototyping. 

I can describe the stages and processes of different software development methodologies. 


I can explain the advantages aru disadvantages of different software developmeut methodologies. 
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WG INTENTIONS 


By the end of this chapter, you will be able to: 


use, create and edit source data using appropriate software 

create a master document structure 

link a master document to a source file 

specify rules selecting recipients and for managing document content 
set up manual conm.nleiion, automatic completion and calculates fields 
use manual methods and software tools to ensure error-free accuracy 


perform mali merge. 
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BEFORE YOU START, 


e Do you know how to create documents using a word processor? 


e Do you know how to create data sources using a database or spreadsheet? 


Introduction 


A mail merge is the automatic process of merging data, 
such as names and addresses, from a source file into a 
master document, such as a letter. You can save time 
writing the same letter to lots of different people when 
their data already exists in a data source. 


mail merge: the automatic addition of data, such 
as names and addresses, from a source file into a 
master document, such as a letter 


source file: the file containing the data that will 


be merged into the master document 


master document: the main document that will 
be used for ai! records 


Daia source Master document 


ies 
XT ern [fn non [0150503] 


Auguest 2012 
Dear: 


We would like to inform you because 
your account - Xxxxxxxx has qualified 
you for a special gift. 


Please come in our store in xxxxxxx to 


claim your price. Louis thank you for 
being a loyal customer. 


Sincerly 


James Carlos Louis 
XXXXXXXXXXXX XXXXXXXXXXXX XXXXXXXXXXXX 
XXXXXXXXXXX XXXXXXXXXXX XXXXXXXXXXX 
August 2005 August 2005 August 2005 
Dear James : Dear Carlos : Dear Louis : 


We would like to inform you because 
your account - 0156593 has qualified 
you for a special gift. 


We would like to inform you because 
your account - 0156594 has qualified 
you for a special gift. 


We would like to inform you because 
your account - 0156595 has qualified 
you for a special gift. 


Please come in our store in xxxxxx to 
claim your price. Carlos thank you for 
being a loyal customer. 


Please come in our store in xxxxxx to 
claim your price. James thank you for 
being a loyal customer. 


Please come in our store in xxxxxxx to 
claim your price. Louis thank you for 
being a loyal customer. 


Sincerly Sincerly 


Sincerly 


Merged documents 


Figure 17.1: Mail merge documents. 
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17.1 Mail merge letters 


Create a master document 
structure 


A master document is the main letter, email, memo, fax 
or other document that you can send to all recipients 
from the data source. 


WORKED EXAMPLE 17.01 


17.01 Learner letter.docx is a master document. 
It is a letter written to learner drivers in a driving 
school. The words in italics are the data that needs 
to be inserted about each Jearner driver and will be 
obtained from the data source. 


Past 1” Driving Schaal 
Tare el ea 


Pod moea of ceca) a ie 


Felothbas ales st mW pie 
Des porres 


TNM aa oor Our Ling an arrua cock cor cod. Look soua aara oari ri bhal yas 
wbare etcetera eed oe vie be meetin. 
Wear vows ber grababa scum sar ed oo al bret paced dei ayer oil wala 


Year 


Tear Desn 
Seek lamer 


Figure 17.2: Master document. 


Notice how a standard letter includes the letterhead 
of the organisation sending the letter, the date of 

the letter and the full name and address of the 
recipient of the letter. When you produce a letter on a 
computei, it should always have all the text (except the 
letterhead) aligned to the left. 


Create a master document that you will use to 
write to customers of the company IT Distribution 
Inc. You should create the letter in a standard 
letter format, including space for the recipient's 


name and address. Your letter should invite 

the customer to participate in a survey with the 
opportunity to win one of ten prizes each worth 
$250. Tell customers that the survey is available 
online and is available for two months from the 
date of the letter. 


Create a source file 


You need to create a source file that contains the 

data the computer will include in each mail-merged 
document. This source file usually consists of names 
and addresses and other information about the people 
you are writing to. 


WORKED EXAMPLE 17.02 


17.02 Driving School.mdb contains a table 
called Learner which includes the names, addresses, 
telephone numbers and mobile numbers of learner 
drivers in a driving school. 


Source files can be in a variety of formats including: 


e database tabie 

e database query 

e spreadsheet 

e word-processed table 


e — variable length text file (for example, comma- 
separated values) 


e fixed length text file 


e email contacts. 


NN O ú O 
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WORKEDSEXAMPLE 17.03 


17.01 Learner letter.docx has been linked to the 
Learner table in 17.02 Driving school.mdb. 


1 Examine the structure of the following 
data sources and identify which formats 


they are in: 
Select Table | x | 
17 
a Ve .03 Student.csv Name Description Modified Created Type 
| Car 8/3/2015 11:41:39 AM 9/13/2013 1:15:38 PM TABLE 

F 1 7.04 Student.rtf i Instructor 8/3/2015 11:42:29AM 9/13/2013 12:44:50PM_ TABLE 

8/18/2015 12:04:35 PM 9/13/2013 1:29:23PM_ TABLE 

Lesson 8/3/2015 11:43:55AM_ 9/13/2013 1:48:39PM_ TABLE 

| c 17.05 Student.txt 
d 17.06 Student.xlsx 
OK Cancel 


e 17.07 Student.mdb (examine the 


student table) Figure 17.3: Database link 


f 17.07 Student.mdis (examine 


the query) The records from the data source are identified in the 
master document in the recipient list. 


2 Create a data source using a table in a word 
processor that will include the following 
fields (categories of information): 


Mail Merae nccipients EZ 
This is the list of recipients that will be used in your merge. Use the options below to add to or change your list. 
Use the checkboxes to add or remove recipients from the merge. When your list is ready, click OK. 

Data Source l Surname w | Address 1 w | Address 2 w | Forename v 


a forename 


18 Driving School... Thomas 896 Windsor Street Birmingham Patricia 
18 Driving School Carolan 22 Gate Way York Wendy 
18 Driving School Harrison 12 Deefrod Lane Holyhead Roger 
b Surname 18 Driving School Smythe 23 Hapstead Grove Stevenage Sally 
| 18 Driving School Charkley 14 Green Lane Stowbridge Claire 
c emai | a dd ress. | 18 Driving School Blackstock 187 Yorktown Way Ipswich Jean 
18 Driving School... Kristal 886 Yatch Road Watchet Paul 
s 18 Driving School... Smithers 143 Lafton Road Blyth Steven me 
3 Create three records in the data source. a > 
| Data Source Refine recipient list 


CD 18.02 Driving School.mdb a| Ap Sort... 
H Filter.. 
LS) Find duplicates. 
By fp Find recipient... 


EE) Validate addresses... 


field: a category of information from the 
data source 


Figure 17.4: Recipients. 


Link a master document to a 


source fiie PRACTICAL ACTIVITY 17.03 
Your master document needs to know the source Open the master document 17.08 New 
location of the data. You therefore need to link the class.docx and link it to each of the 


master document to the data source. following data sources one at a time. Finish 
by linking it to the query from the database. 


17.03 Student.csv 
17.04 Student.rtf 
17.05 Student.txt 


17.06 Situdent.xlsx 
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e 17.07 Student.mdb (link to the 
Student table) 


f 17.07 Student.mdb (link to the 
query) 


Open the letter that you wrote for IT | 
Distribution Inc. Use it as a master document 
and link it to the table Customer in 17.09 


| Sales processing.mdb. 
Set up fields 


Having a link from the master document to the source 
file only tells the master document which file to use. The 
master document also needs to know which fields to put 
into the document and where to place them. 


WORKER EXAMPLE 17.04 


17.10 Learner letter with fields.docx includes the 
merge fields from the Learner table in 17.02 Driving 
school.mdb. The merge fields are highlighted 

in yellow and have been inserted in place of the 
placeholder names in Worked Example 17.01. 


Pass 1" Driving Schoo 


a aE porrie jingin arra rir oT cor oarda Grady plage corii i aLr 
miniran irri aT yri r rhe pee E 


VTS ba grh H psi emdi arai a tiith apon enh paer amal adira 


Yara gas 


Teen Ten 
Soka: homero 


Figure 17.5: Merge fields. 


When you eventually run the merge, the fields will be 
replaced with data from the Learner table. 


Use the master document 17.08 New class. 
docx that you linked to the query in the 
database 17.07 Student.mdb. Insert merge 
fields for forename, surname and class. 


Open the letter that you wrote for IT 
Distribution Inc. and linked to 17.09 Sales 
processing.mdb. Insert merge fields in the 
appropriate places. 


Perform mai! merge using the 
master document and data 
sources 


Now that you have entered the fields, the mail merge can 
be completed. You need to tell the software to carry out 
the merge process. It is usually possible to preview the 
results of the mail merge prior to printing or creating 

a new document with the merged letters. It is also 
possible to merge the letters to an email address for each 
recipient. 


WORKED EXAMPLE 17.05 


17.10 Learner letter with fields.docx can be 
previewed. The data from the first record of the data 
source 17.02 Driving school.mdb is highlighted in 
yellow. 


Pass 1° Driving School 


T= Pagar | ONS 


-a 


Coa: Piia 


Wenn an aain cheb se areena riki ara ches itre h asir 


pe AA e PEEN RTIA LIS 


We tro prail ari cel erelis cp ac i be ere arrire 


han Rest 
Sere bovine 


Figure 17.6: Merge preview. 
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Open 17.10 Learner letter with fields.docx and merge to a new document. Notice how all the records 
have been included so that there is one letter for every learner. 


As you have added merge fields, use the master document 17.08 New class.docx to merge to a 
new document. 


Open the letter that you wrote for IT Distribution inc. Merge the letters to send as emails to the email 
address field in the Customer table. 


Edit the source data 


You can edit the source data by making changes to the 
source file. However, if a master document that is linked 
to the source file is open, then it 1s possible that the source 
file will be locked and you won't be able to edit it. You 
must remember to close the master document before 
making changes to the source tile. Any changes made to 
the source file will be visible in the master document. 


PRACTICAL ACTIVITY 17.06 


Open 17.08 New class.docx that you 

have already merged with 17.07 Student. 
mdb. Edit the data source to change Chloe 
Carson's surname to ‘Carlton’. 


Open the letter that you wrote for IT 
Distribution Inc, and linked to 17.09 Sales 
processing.mdb. Edit the data source to 
change Carmella Wishman’s email address 
to ‘carmella.w@wishman.com’. 


Some word processors allow the source data to be edited 
directly from within the word processor. 


WORKED EXAMPLE 17.06 _ of 


17.10 Learner letter with fields.docx has bees 


used to edit the data source and change Patricia 
Thomas’ surname to Donaldson. 


ee Lie oh gic alate date io Ll at P EA tale! k ae hi 
| Ae ee - a'mm a Mira ama es. T 


ri 
T 7 
Ei kirot T kyi hor imah sn delivers bowtie eh ere TA a ar 
CM bert = Shaik ih oom ems eet A me at emer 
LY ade = Biden 
ee t = 
EY aes) = a“ 
aeaiia E me. bige Ca t, J 
k [o m an Daa vu Ti Heri 
paari L r daden Dre aes Hehku HET 
j Los a Diba edt Gare i 
Lm Thay Himmel Gb. pihy HitH | 
a Sesame Wes pk Kr 
Í ‘ual onal Wehbe Wald m, 
ie i Begikn: Hilde; Gam Bia Bt Ea J 
Fe | arcs, Dieahy braz (e 
te Wy Maak ee Pomare MA a 
Paar ee cape “i 
| tek | i 
E aga Ss aL Fah "tate 
Tew] r = na 
fee eae IC a ee 
Us atom T 
a | 
Deca Scere T pla a LEAT oir og amit  | 
w 
(ar ke Loi 


Figure 17.7: Edit source data. 


Be careful when you edit the data source because 
other users may be using it and so any changes you 
make would affect other users 


Mail merge labels 


You can use mail merge to create labels or similar 
documents such as business cards from a data source. 
You can set up the document as a table with each cell 
representing a label, business card or similar. Each cell 
will contain the merge fields from one record from the 
data source. 
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WORKED EXAMPLEM@Q7 


Q 
17.11 Instructor Labels.docx has been set up to use You can now add merge fields to the first label. 
labels. It is set up to use the labels named L7263 which 
defines the measurements of the label. 


E ET A 
Duke Usdacac 


——— 
Foabie Sime. M men ] | Sinä 


Figure 17.8: Setting up the labels. 


Figure 17.10: Adding merge fields to the labels. 


The label layout has been merged with the Instructors 
table from 17.02 Driving School.mdb. A table is 
created for each label and a <<Next Record>> field is 
added to each of the cells in the table except the first 
one. The <<Next Record>> field means that the next 
record from the data source will be displayed so that 
each cell contains data about a separate record from 
the data source. 


You can update the rest of the labels to include the same 
merge fields as the first label. A preview of the labels 
shows the merged content. 


Fre is Th ie Vere i n 
LEPE EEEn ante T Gur Ue 


Finan Yak 


Frp Dine 
Tein LAr 


et 


Hint 


Vhira Lhasa 
Hilma Lan 
Taai Fk 


Lo Fei biip 


Figure 17.9: Initial label merge structure. Figure 17.11: Preview of merged labels. 


TN TTT y) 
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PRACTICAL ACTIVI 


1 Create a new word-processing document 
and set it up to contain labels. Link the 
document to the data source 7.07 Student. 
mdk using the query Ory Student Teacher. 


2 Using merge fields, create a set of labels that | 
shows each student's name, their class and 
their teacher. 


3 Create a new word-processing document 
that is linked to the Sales Rep table trom 
17.09 Sales processing.mdb. Use the mail- 
merge labels feature to create a business 
card for each sales representative. You can 
create business cards instead of labels by 
selecting a business card page layout from 
the label options. 


17.2 Manipulating mail- 
merge documents 


Create prompts 


You can use master documents several times and on 
many different occasions. There may be some data that 
needs to be included within the master document that 
is not part of the data source but wiil change each time 
the mail merge is run. A prompt can be given to the 
user. This is a question that asks them what the data 
should be. 


prompt: a question asked to the user which 
requires a response 


WN 
QEXAMPLE 17.08 


17.12 Learner letter with fill-in prompt.docx asks 
the user to enter the name of the senior instructor 
who will sign the letter. 


Insert Word Field: Ask 


Prompt: 


Which senior instructor will sign the letter? 


Default fill-in text: 


Cancel 


Figure 17.12: Fill-in. 


The Fill-In prompt rule can be viewed as a merge field 
code. 


We would be grateful if you could email us at 
info@pass1st.info with your email address. 


Yours sincerely 


{ FILLIN "Which senior instructor will sign the letter?" \o } 
Senior Instructor 


Figure 17.13: Fill-in code. 


When you process the mail merge, the user is 
prompted for the name of the senior instructor. 


Microsoft Word 


Which senior instructor will sign the letter? 
Ben Dean 


OK Cancel 


Figure 17.14: Prompi. 
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Note that Microsoft Word uses rules to control the way the same for every letter. However, by deselecting ‘Ask once’, 
mail merge works. Fill-In is one of these rules. It is most you could have a different response for every recipient. 
commonly used to ask for one item of data that will be the 


1 Open the master document 17.08 New class.cdocx to which you have added merge fields. Add a Fill-In 
prompt for the name of the Head of Year. 


N 


Open the letter that you wrote for IT Distribution Inc. before you completed the mail merge process. 
Add a Fill-In prompt for the date when the survey will close. 


There are occasions when the same data needs to be Fill-In prompt. The Ask prompt stores the response 
included more than once within a document. In these in a bookmark which can be placed in more than one 
situations, an Ask prompt can be used instead of a location in a document. 


WORKED EXAMPL 


17.13 Learner letter with ask prompt.docx You now need to reference the bookmark in the document. 
prompt asks the user to enter the date by which the You can do this by inserting a reference point. 

information should be returned. You will notice that 
the difference from the Fill-In prompt is that the Ask 
prompt needs a bookmark to be defined. This has 
been defined as ‘ActionBy’. You will also notice that 
the default text has been completed. This is necessary 
in order to be able to reference the bookmark. 


Vhen Bond aek eed th 
Daktare Hawi 
Ber OOO OO üde emalen berah mar 
byi 
Dies narat Te ama ana, = 
Tanum Dala Hes [m a | | 
Figure 17.17: Reference point. 
2 fet greet Cun! 
Here, you can see two reference points highlighted in 
Figure 17.15: Ask. yellow that have been inserted. 


Thea: Ser nora 


You can view the Ask prompt rule as a merge field 
code, but its location is not important because the Eien Required by Keam Dale Here 


bookmark will be referenced in the required locations. TE E ATE CE CHORY Y, loa bd ralocon EA bad roe 


arepke minta s ETAn phisara nsh e sian: Halai a 


i 


Yours sincerely 


Ha vacld ba a F ecu souk ral ueri hisga ints kh scr eral decreas iy 


{ FILLIN "Which senior instructor will sign the letter?" \o } Figure 17.18: Reference point text. 
Senior Instructor 

{ ASK ActionBy "What date shou!d the information be 
returned by?" \d "Return Date Here" \O } 


Figure 17.16: Ask code 
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You can also view these as merge field codes. 


Vow [MRE ELD ented 
Action Maguire Ep (MET Agen 4 PAST RRAaT 


chek it na! a taylan tov ive rho ra 
mkhan uriar P ARAARA NT rehome] andarina enerig REERFSFIE | 
Birda | 


a LEE, 


P asik Se pmu Pye si al ratli pag Lita ahh pra arii kino bre 
AE 


Figure 17.19: Reference code. 


When you process the mail merge, you are prompted 
for the information return date. 


Open the master document 17.08 New class.docx. 


You will already have added merge fields to this. | 


Instead of a Fill-In prompt, add an Ask prompt 
for the name of the Head of Year and assign a 

| bookmark. Insert references to the bookmark at 
the end of the document where the Head of Year 
will sign and a new sentence that wil! inform the 
parents who the Head of Year will be. 


Microsoft Word | x | 


What date should the information be returned by? 
20 January 2017 


OK Cancel 


Figure 17.20: Prompt. 


If you look carefully at the field code for the Ask 
prompt you will notice that it includes the name of the 
bookmark. This can be useful in other ways because you 
can reference the data by other rules in the same way 
that data in fields can be referenced. 


Automatically select the 
required records 


Data sources can often have thousands of records. The 
document that is being produced may not need to be 
merged with every record. It is therefore possible to set 
conditions to select which records will be included in the 
mail merge by using a filter. 


filter: selecting records from the source file 
based on conditions 
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WORKED EXAMPL 


17.14 Learner !eiter with filter.docx has filtered 
the records so that the letter will only be sent to male 
learners whose records haven’t been updated since 

1 January 2015. 


— m 
Ene Ver s) 


| Wn a r 


jmn La || a 


Figure 17.21: Filter. 


The recipient list now only includes the filtered 
records, so the leiter will only be sent to those 
recipients. 


: a ae 
aian ag aa erT Ea] 


PAi A i hI E E H EH RH on Ley 
Da + [i 


RER A Eat 
x 


S 
= { 
Aisin 


E| 


Figure 17.22: Filter records. 


Sort the merged documents 


The data source may not be sorted in the order in which 
the user wants to merge the documents. 


~ 
eÐ EXAMPLE 17.11 


17.15 Learner letter with sort.docx has sorted the 
records by surname and if any surnames are the same 
then by forename. 


Th ae de 7 x 
Die Rerh sib 

cate arse se) meee eres 
Terabe Pac ) LEE Dienes 
beak, T o bera argen 
aa feel Pees 


Figure 17.23: Selecting sort order. 


ICAL ACTIVITY 17.10 


Open the master document 17.08 New 
class.docx that you have added merge 
fields. Set the filter so that the letter is only 
sent to students in class 9F. 


2 Change the filter so that the letter is sent to 
students in classes 9F or 9B. 


3 Change the order of merged letters so they 
are sent to students in surname order. If any 
students have the same surname, then they 
should be sorted by forename. 


4 Open the letter that you wrote for IT 
Distribution Inc. Set the filter so that the 
merged email is only sent to customers who 
have agreed to receive marketing and live in 
the state of California (CA). 


5 Change the order of the merged email so 
they are sorted by postcode or ZIP code. 


Rules for managing document 
content 


Data sources are often fixed and cannot be changed. 
Therefore, any data manipulation may need to take 
place in the merge master document. The IF...THEN... 
ELSE rule can be used to insert text conditionally based 
on data within the data source. 


NO G ü 
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WORKED EXAMPLE 


17.16 Learner letter with condition.docx is to 
have a new sentence that asks users to confirm their 
gender has been stored correctly. You can see here 
how the IF statement was set up. 


Figure 17.24: IF...THEN...ELSE.. 


This can be seen in field code view as shown here. 


Our records show that your gender is { IF { MERGEFIELD 
Gender ] = "M" "Male" "Female" }. 


Figure 17.25: IF...THEN...ELSE code. 


This will work for situations where there are only iwo 
alternatives. However, when more than two a!ternatives 
are required, you will need to use a different method. 
One option is to use a series of IF... THEN...ELSE rules 
to cover each eventuality. 


à 


Some records may not have the gender recorded. In 
this situation, the letter should state ‘your gender is 
not recorded in our records — please confirm your 
gender’. There are now three options: F, M or [blank] in 
17.17 Learner letter with three conditions.docx. 
ELSE cannot be used because it would apply the 
second outcome to both of options two and three. 
Here, three separate IF...THEN...ELSE rules have 
been used without defining the ELSE part. 


Our records show that your gender is { IF { MERGEFIELD 
Gender } = "M" "Male" }{ IF { MERGEFIELD Gender } = "F" 
"Female" H IF { MERGEFIELD Gender } = "" "not recorded in 
our records — please confirm your gender" } 


Figure 17.26: Separate IFs. 


The other option you can use is a nested IF... THEN... 
ELSE rule. This involves using another IF... THEN...ELSE 
rule as the ELSE part of the original IF... THEN...ELSE 
rule. You can only manipulate this in field code view. 


Note that the nested IF...THEN... ELSE rule do 
not work in Open/Libre office 


WORKED EXAMPLE 17.14 


17.18 Learner letter with nested conditions.docx 
has used a NESTED IF by entering the IF...THEN... 
ELSE rules within the ELSE parts of previous rules. 


Our records show that your gender is { IF { MERGEFIELD 
Gender } = "M" "Male" H IF { MERGEFIELD Gender } = "F" 
"Female" H IF { MERGEFIELD Gender } = "" "not recorded in 
our records — please confirm your gender" }. 


Figure 17.27: Nested IFs. 


It achieves the same outcome as the previous example, 
but is a bit more complex. The speech marks need to 
be in exactly the right places, as do the curly brackets. 


You can use AND or OR operators within the IF... 
THEN...ELSE rule. You can also include text from 
files as the outcome or pictures as the outcome. You 
may want to research how these can be achieved. 


1 Open the file 17.19 Vehicle Data Sheet. 
docx which has been merged with the Car 
table from 17.02 Driving School.mdb. 


2 Change the field for the Transmission so that 
it automatically displays ‘Manual’ instead of 
‘M' and ‘Automatic’ instead of A’. 


3 Open the letter that you wrote for IT 
Distribution Inc. Add a sentence that tells 
customers who live in California (CA) that 
they have a special discount. If they live in 
California then the sentence should read 
‘As you live in California, you are entitled 
to a special 10% discount until the end of 
this month.’ 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


Rules for selecting recipients 


One method of deciding which records will be included 
from the data source is to use a filter. Another method 
you can use is a rule, which is a merge field code that will 
control which records will be omitted. The rule is called 
SKIP IF and this will omit the record from the mail 
merge if the conditions are met. 


Qo RKED EXAMPLE 17.15 


17.20 Learner letter with selection codes.docx 
includes a SKIP IF rule that states that 1f the gender 
field is equal to “M” then the record should be 
skipped. 


Insert Word Field: Skip Record If bx | 


Field name: 


Gender 4 = TI v 


Comparison: 


Equal to v 


Compare to: 
[M 


CE] Cancel 


Figure 17.28: Skip If set up. 


SKIP IF a rule is inserted into the document. 


{šarF i MERSER eede hat Pass 1 Driving School | 


Figure 17.29: Skip If code. 


The rule should always be inserted at the beginning of the 
document. When using Microsoft Word, you will need to 
complete the merge to see which records have been skipped 
as they will still show when previewing the merge. 


MDACTIVITY 17.12 


1 Open the master document 17.08 New 
class.docx. | 


a Add a rule to skip records for class 9B. 


b Add a second rule to also skip records 
for class 9F. 


2 Open the letter that you wrote for IT 
Distribution Inc. and remove any filters that 
you have applied. 


Add a rule to skip records for customers 
who have chosen not to receive 
marketing (this is a Boolean field that 


can be TRUE or FALSE). 


Add additional rules to skip records for 
customers who are based in New York 
(NY), California (CA) or Texas (TX). 


17.3 Arithmetic 
operators 


There are occasions when the merged data needs to have 
a calculation performed on it. For example, a discount 
might be offered when writing or the tax might need 

to be calculated on a price. It may not be possible to 
perform this calculation within the data source itself 
and so a calculation can be performed on the merge 
field. When a calculation is performed, it is known as a 
calculated field. 


calculated field: an arithmetic calculation on a 
field from the data source 


The file 17.21 Instructor letter with calculation. 
docx has been merged with the Instructor table from 
17.99 Sales processing.mdb. 


Forename turnamen 
Statement of Tax 
Your Hourly change is EX Charges 


The anaunt of bax we collect from this is 


Figure 17.30: Instructor letter. 


The formula option has been selected and a formula 
added to multiply the charge by 0.2. The number format 
has been sei to currency with two decimal places. 


Nn —“CSSCSC 
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Finda 7 x 
Eormuls: 

=ihange ss 

Dumper Torma: 

i ee Loe EL pa 


Pari Eve ca hint tb 


Figure 17.31: Setting up a calculated field. 


This initially gives an error because ‘charge’ doesn’t 
mean anything. 


Skarab of Ta 
Sour houry cheep fe ra herpes 


Tha anion of bie eo ole tum The te Undefined Bookmark, CHARGE 


Figure 17.32: Bookmark error. 


The field codes can be edited using Alt+F9 and the 
Charge merge field can be inserted in place of ‘charge’ 
within the calculation. 


Am p lo 
sh. Damri Lyi Pah 


instructor iathar aiin eai ulazio 


Feas 1* Driving Shoal 


Figure 17.33: Including a merge field in a calculation. 


The merge field is now included within the calculation. 


Statement of Tax 
Your hourly charge is £{ MERGEFIELD Charge } 


The amount of tax we collect from this is { ={ MERGEFIELD 
Charge }*0.2 \# "£#,##0.00;(£#,##0.00)" } 


Figure 17.34: Calculated field with merge field. 


The merge codes can be hidden (ALT+F9) to view the 
resuit of the calculation. 


Donny Sampsan 
Statement of Tax 
Your hourly charge 5 E15 


(he amount of tax we collect from this E 3.00 


Figure 17.35: Preview of calculation. 


Open the file 17.19 Vehicle Data Sheet.docx 
which has been merged with the Car table 
from 17.02 Driving School.mdb. 


Add a calculated field that states when the 
MOT (vehicle safety test) is due. The MOT 
is due three years after the vehicle was 
registered. 


3 Open the file 17.21 Instructor letter with 
calculation.docx which has been merged 
with 17.09 Sales processing.mdb. 


4 Adda sentence and a calculated field that 
tells the driving instructor their maximum 
number of hours available during weekdays 
(multiply the Max Hours by five). 


5 Chalienge: add a sentence and a calculated 
field that tells the driving instructor their 

maximum number of hours available during 
the week. This should include weekends for 
those who have opted to work weekends (if 
Weekends field set to TRUE). 


Date and time fields 


You can include the current date or time in a document. 
This doesn’t have to be a merged document but can be 
any document. Each time you open the document or 
the field is refreshed, the current date or time will be 
displayed. 
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WORKED EXAMPLES 


You can choose a variety of date and time formats. 
Ticking the Update automatically option will ensure 
the date or time 1s automatically updated. 


Gasca Time T w 
keau 


ged Oat cee n 
2 (Frin ponei Ergi cE: 


Eie eea Wes 
Mamm Tii 


w 
z 


IRRI 


AA | EJ Upiti abitrotind y 
C em 


Sib br catwalk | 


Figure 17.36: Inserting a date field. 


RRA TICAL ACTIVITY 17.14 


Open the file 17.19 Vehicle Data Sheer. 
docx which has been merged with the Car 
table from 17.02 Driving Schoo!l.mdb. 


Add a sentence that states the date and 
time the document was printed, for example 
‘This document was printed on <<date>> 
at <<time>>’. The date and time should 
automatically update. 


Open the letter that you wrote for IT 
Distribution inc. Add the current date to the 
beginning of the letter so that it updates 
automatically. 


17.4 Document properties 


Properties of the document can be included 
automatically including: 


ə filename 

e author 

e document title 
e creation date 


e number of pages. 


PRACTICAL ACTI a 


Open a word-processing file that you have 
created and that includes more than one page. 
Experiment by adding the document properties 
into your document. 


Embedding data 


You can embed data from another document. 
Embedding means that the data remains in the original 
source document but can be shown in a word-processed 
document. Any changes you make to the source 
document will be automatically updated in the word- 
processed document. 


KEY WORD _ ÑQ 


embedding: importing data from a data source 


so that any changes to the data source are shown 
in the new document 


Embedding tables 


You can embed data in tabular format within a 
document. Any changes you make to the data in the 
data source will be updated in the document. 
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WORKED EXAMPLE RO VERÀMPLE 17.19 


17.22 Attendance Report.docx is a report that has 17.22 Attendance Report.docx is a report that has 
been written to suminarise the attendance of students been written to summarise the attendance of students 
in a school. The attendance data has been embedded in a school. The chart showing attendance data has 
from the spreadsheet 17.23 School attendance.xlsx. been embedded from the spreadsheet 17.23 School 


attendance.xlsx. Here is the chart. 


1 fer e Torii bs 


Anlam ane al Same ide lintel Sete for ther DOLE waz: 


Thee cat be ssn pao bcd hy bee or 


Veda Year 1 


1 


iùd 


P : -= - h - : = l 
Figure 17.37: Paste and link. D: 
1 W, 


Any changes you make to the selected data in 


Pasir (ier beet 


| 
| | 
(UE 1m 


17.23 School attendance.xlsx will be updated ey 
automatically in 17.22 Attendance Report.docx À 
the next time it is opened. Figure 17.39: Embedding a chart from a spreadsheet. 


You can also update the data while the main 


: pee f Any changes you make to the chart in 17.23 School 
document is open by clicking Update Link. 


attendance.xlsx will be updated automatically in 
17.22 Attendance Report.docx. 


PRACTICAL ACTIVITY\I7.16 


1 Create a new word-processing document. 
Write a brief report summarising the results 
of the votes for head prefect at your school. 
The report should include embedded data 
from the table in 17.24 Graphs and charts. 
xisx and an embedded pie chart from the 
same data source. 


: X . Save and close your report. 
Figure 17.38: Updating embedded data. 


Open 17.24 Graphs and charts.xlsx and 
=~ change the number of votes for Adrian 
Smith from 4 to 40. 


Embedding charts Save and close the spreadsheet. 


Reopen your report and check that the data 
and chart have updated automatically to 
show 40 votes tor Adrian Smith. 


Similarly, you can embed data into a document from 
a graph or chart. Any changes to the original graph or 
chart will be updated automatically in the document. 


C NN o G l 
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17.5 Error-iree accuracy 
and prootreading 


You should carry out a number of checks before 


completing a mail merge. 


e Runa spell check and grammar check on the 
master document. 


e Visually check for any errors on the 
master document. 


e Visually check for any errors on the preview or 
merged documents. 


e = Check that the correct records have been included 
in the filter. 


Visual checking could include: 


e reading the document from start to finish to see if 
there are any errors in grammar or spelling 


e printing a copy of the document to read it instead 
of reading it on screen 


e reading the document out loud so errors that may 
not be spotted visually are heard 


ə using a blank piece of paper to cover up the rest 
of the document so each line can be checked 
individually 


e searching for common errors such as ‘there’ instead 
of ‘their’. 
Even if you run a spell check, it may not spot all the 
errors. These can include words that sound the same 
but are spelt differently, for example, stationery and 
stationary. The spell check will not be able to identify 
problems with layout, such as spaces that are missing 
or have been added by mistake. Errors in names are 
not spotted by a spell check and field codes will not be 
checked by the spell check. A visual check will also be 
required to see if all merge fields have been included. 


17.25 Learner letter with errors.docx includes several errors. 


Pass 1" Driving Schoo! 


IF augusi iiS 


a ae 
eerie ri 
ehh Codes 


Desr OPoreramed 


Wie ars turiy a aval check of ce 
telephone umber & ejekephoscs and motile nuniber b SAA 


Yours slocere)y 


her 
Senet Isir ati 


Could piu pliate contin thas: pade 
| 


Vee woe be petit H yoa coulis emak us at infos let inks with your email addaa 


Figure 17.40: Errors. 


The grammar and spell checks have spotted some errors: “a anual’ should be ‘an annual’, ‘wood’ should be ‘would’ 


Foam |) 


and ‘greatful’ should be ‘grateful’. 


The errors highlighted in yellow require visual checking as the grammar or spell checks have not identified them: 
‘record’ should be ‘records’, ‘you’re’ should be ‘your’ and ‘Deane’ should be ‘Dean’. 
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17 Mail merge 


The errors highlighted in blue also require visual checking but these may not be spotted until data is actually 


merged. Here, you can see what the data would look like when merged. 


S56 ¥ateh Road 
\Waichet 
toh JER 


Dear Paul 


We are contiucting g anual check of our wa. Could you please 
telephone number 0555 555 510 and 


matie number i 


eonfinmn a 


There is no space between the forename and surname and there is an additional space after the mobile number. 


The criteria for the filter are that letters should be sent to male learners whose records haven’t been updated since 1 
August 2015. This should mean letters going to 11 learners. However, only four letters will be produced. 


Figure 17.41: Merge errors. 


Gender v | Telephone 

M 0555 555 513 
M 0555 555 516 
M 0555 555 526 


Figure 17.42: Filter errors. 


v Licence number Date updated 
0777 777 718 SARR9999999DA9XX 5/24/2014 
0777 777 715 DRAK9999999RA9XX 5/24/2014 
0777 777 774 LANT9999999PE9XX 5/6/2014 


This has been spotted using a visual check. The error was due to the filter requiring an American layout of date 
which should be 8/1/15, rather than 1/8/15 that had been used. When corrected, the 11 learners are included. 


| Gender v Telephone v [Mobile ~] Licence number v | Date updated ~| 
M 0555555557 © HARI99IIIIRAIXX 6/8/2015 


M 0555 555 511 
M 0555 555 512 
M 0555 555 513 
M 0555 555 516 
M 0555 555 517 
M 0555 555 518 
M 0555 555 519 
M 0555 555 523 
M 0555 555 525 
M 0555 555 526 


Figure 17.43: Filter correction. 


0777 777 724 


0777 777 720 
0777777 719 
0777 777 718 
0777 777 715 
0777 777 714 
0777 777 713 
0777 777712 
0777 777 777 
0777 777 775 
0777 777 774 


KRIS9999999PA 9XX 
SMIT9999999SA9XX 
SARR9999999DA9XX 
DRAK9999999RA9XX 
BLAC9999999SA9XX 
DREW9999999JA9XX 
BROW9999999DA9XX 
PETE9999999PA9XX 
HARR9999999PA9XX 
LANT9999999PE9XX 


6/8/2015 
5/24/2014 


6/8/2014 
5/24/2014 
5/24/2014 
6/8/2014 
6/8/2014 
6/8/2014 
6/8/2014 
6/8/2014 
5/6/2014 
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Open the master document 17.26 New class errors.docx. Check the master document and merged 


letters for accuracy. The merged letters should be sent to students in classes 9F or 9B. 


Change the filter so that the letter is sent to students in classes 9F or 9B. 


How long would it take you to write 100 personalised letters to customers without using mail merge? 


2 What do you think are the advantages of using mail merge? 


3 How could you apply what you have learnt about mail merge to your life? Are there any occasions for 
you when mail merge might be useful, for example in your social life? 


4 When you created a mail merge document, did you make any errors? if so, what did you do to 
correct them? 


Create a new word processing document and link it to the Product table in 17.09 Sales 
processing.mdb 


2 Create a product information sheet using mail merge fields from the Product table. The product 
information sheet should include the Product ID, Product Name, Quantity Per Unit, Unit Price, Units in 
Stock, Reorder Amount, Units on Order and Reorder Level. 


Sort the data so that it will be merged in order of Product Name. 
4 The product information sheets should only be printed for stock that has NOT been discontinued. 


5 At the top of the product information sheet should be the date the sheet is printed. This should 
automatically be the current date. 


6 At the bottom of the document should be the name of the person who printed the document. This 
should be populated using the word field FILL IN. 


7 Use the word field SKIP IF to skip any products that are in Category ID 3. 

8 If the Unit Price is above $60 then the phrase ‘HIGH VALUE ITEM’ should be displayed. 
9 The Sale Price should be displayed. The Sale Price is 30% on top of the Unit Price. 

10 The total value of stock for each product should be displayed. 


11 Merge the product information sheets to a new document. 


—————— ee > 
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Service to You is a company that carries out car servicing at the customer’s home address. They store 
details in a database of the services they have carried out and when the next service is due. When a 
customer’s car is due a service, Service to You use mail merge to write a letter to the customer to let 
them know. 


a Describe the term mail merge. [2] 
b Describe the steps involved in creating a set of mail merged letters. [6] 
[Total 8] 


Service to You sends out letters once a month. 


Explain how Service to You can use mail merge facilities to only send letters to customers whose cars 
are due a service in the next month. [4] 


Amin has used a word processor to send mail merged invitations for his party to his friends. Describe 
how he could proofread his invitations. [4] 


Sharene has written a report to her manager to show the sales figures for members of her team. She 
has embedded a graph iv her report. Describe the term embedding. [2] 


I can use, create and edit source data using apprcrriate software. 
i can create a master document structure. 
I can link a master document to a sourc? fiie. 


I can specify rules for: 


selecting recipients 


managing document content. 


I can set up fields for: 


manual completio.: 


automatic coimpieuon. 


I can use calculated fields. 
I can use manual methods and software tools to ensure error-free accuracy. 


I can vevform mail merge. 
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By the end of this chapter, you wiil be able to: 


use common graphic siiis 
work with layers 
use transform tools 
use grouping or merging tools 
use aiignment and distribution tools 
use layout tools 
use colour picker tools 
use crop tools 
know and understand the properties of different colour systems 
know and understand the need tor different image resolutions 
know, understand and selec: citferent bitmap and vector file formats 


export an image in different file formats 


change the opacity of all or part of an image. 


18 Graphics creation 


CONTINUED 


e —_use vector images 
e create a vector image that meets the requirements of its intended application and audience 
e use vector drawing tools 
e use selection tools to select parts of a vector image 
» use fill tools to colour elements 
e use node and path editing 
e convert bitmap images into editable vector shapes. 


e use bitmap images 

e use selection tools to select parts of a bitmap image 

e adjust colour levels 

e use tools/filters to alter parts of an image 

e resize an image/canvas 
e know and understand the effects of different methods of compression on images. 
e manipulate text 

e select tont style 

e fit text to path or shapes 

* set text in a shape 


Oo convert text to curves. 


BEFORE YOU START 


e Do you know the differences between bitmap and vector images? 


e Have you had some experience of creating images and changing images through software such as 
Microsoft Paint? 


Pew, draw the image and fill areas with colour. If you change 
| nt rod uUctION the size of the image, the computer recalculates and 
redraws it. This means it does not go blurry (pixelate). 
The image itself is not saved. Only instructions on how 
to create the image are saved. For example, coordinates 
for a line and a calculation for drawing the line are 
stored, including the colour, width, and so on. 


In this chapter you will learn about image editing, 
including the difference between vector and bitmap 
images. The skills you need will be introduced using the 
phoio-editing software Adobe Photoshop. 


18.1 Type of images 


vector: an image that uses geometric points and 


Vector Images shapes; calculations ere used to draw the image 


A vector image is created using shapes and coordinates. 
Mathematical formulas and ca!culations are used to 
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OF 
bitmap: an image made up of small squares, 


called pixels; each individual pixel can only be 
one colour 


pixel: a small square of one colour; these are 


combined to create a bitmap image 


Figure 18.1: A vector image. 


Figure 18.3: A bitmap image. 


Figure 18.2: An enlarged vector image. 


Figure 18.4: A pixelated bitmap image. 


Bitmap images 


A bitmap image is made up of small squares called 


The use of vector and bitmap 


pixels. Each pixel can have one colour. If you change im ag es 

the size of the image, the pixels are enlarged or made f . 
smaller. By enlarging the pixels you pixelate an image The most common form of a bitmap image is a 
and it goes blurry. photograph. Whea you take a photo, the camera 


records the colours as pixels and the quality of an 
image depends on the resolution. Other common 


©) 2 
398 X 


Copyright Material - Review Only - Not for Redistribution 


18 Graphics creation 


bitmap images include ones that have been scanned, 

or produced using painting scitware. Resolution is the 
number of pixels per measurement, for example dots 
per inch (DPI). The larger the DPI, the more pixels and 
therefore the more precise your image is. 


Different images have different requirements for their 
resolution. If an image is going to be small and will 
not need enlarging then a smaller resolution will be 
acceptable. If you are going to enlarge an image to 
aliow you to see more detail, then you need to have a 
higher resolution otherwise it might pixelate if tt is a 
bitmap image. 


The resolution also impacts the file size of the image — 
the higher the resolution, the larger the file size. This is 
important if you have limited storage space, or if you 
are uploading images to a website. The larger the file size 
is, the longer it will take to download the image. 


Selecting a resolution depends on both the image 
requirements and the file size. For example: A bitmap 
photograph is taken that has a resolution of 1600 x 1200 
pixels. Each pixel 1s 2 bytes in size, so the image will take 
up 3.84 megabytes. 


One possible use: the image is going to be modified 
and then enlarged to print as a posted. This image will 
need a high resolution because it needs the detail and 
is going to be enlarged. The file size is not necessarily 
relevant here. 


A second possible use: the photograph will be uploaded 
to a website for other people to view and then purchase. 
The full detail is not necessarily required here, it is 
more important that users can download it, and to save 
storage space on the server. Therefore the resolution 
could be lowered. 


KEY WORDS ¢ 


DPI/dots per inch: the resolution of an image 


Vector graphics are created using a computer, often with 
specialist drawing software, but word processors usually 
provide some vector tools, such as drawing shapes and 
speech bubbles. They could be used, for example, to 
create a logo or an animation where characters can be 
drawn using a graphics tablet. 


Figure 18.5: A graphics tablet. 


Deciding between vector or 
bitmap graphics 


If you scan a document (for example a photo), then you will 
create a bitmap image. As increasing the size of this image 
may result in pixelation, you must be careful to ensure the 
resolution is high enough. These pictures cannot be created 
as vector images, so if you want to use a photo of you and 
your friends, it will be a bitmap graphic. 


pixilation: when a bitmap image is enlarged, the 


pixels are enlarged and become visible causing 
the image to appear blurry 


If you are creating a graphic using a computer, then 

you can choose between a bitmap and a vector image. 

If you produce a bitmap image, such as a photo, it may 
pixelate when enlarged. If you produce a vector graphic, 
it will not pixelate but will require a lot of work to look 
realistic. 


Software exists that can turn bitmaps into vectors, 
and vectors into bitmaps. For example, if you 
scan a document, you can vectorise it. Most image 
manipulation software has this option. 
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PRACTICAL ACTIVI 


Open some of the images you have stored on 
your computer or on your account. Are they a 
bitmap or a vector image? Try enlarging them. 
Do they pixelate? 


The use and impact of image 
editing on society 


This section explains some of the tools available to 
manipulate images. These tools can be used to edit 
images to both improve the image and make the image 
look worse. For example, in magazines, photos may be 
edited (airbrushed) to make people appear thinner or to 
remove blemishes, such as wrinkles and spots. 


Figure 18.6: An example of airbrushing. 


Another way image manipulation software may be 
used is to put people in scenarios (for example memes) 
that have never actually happened. For example, using 
a selection tool to copy a person from one image and 
place them in another. The image of the person can be 
edited, and the colours manipulated, so they appear to 
belong in the new scene. 


Vector images can be used on their own or added 
to a bitmap image. For example in the meme shown 
in Figure 18.7, vector text has been added to the 
bitmap photo. 


THE SECRET 


OE GETING AREAL 
I$ GETTING 


s DART 


Figure 18.7: An example of a meme. 


These are just two examples of how image manipulation 
can be used. Each have their positive and negative 
aspects. In the first example in Figure 18.6, the company 
using the image may increase sales by showing a perfect 
model. However, the image is not real and people 

may strive to achieve this impossible vision. This can 
contribute to mental-health problems. Memes can be 
used to draw attention to an advert or create humorous 
effects, but they can also be used negatively, 


to make fun of peopie and situations and may be used 
without the consent of the person in the image. 


Image editing can be used in politics both to promote a 
political agenda, for example enhancing images so they look 
more favourable, and to put people into situations where 
they have not actually been. Image editing may mean that 
false versions of real events can be presented in a positive 
way in order to mislead the audience intentionally. 


Image editing can also be used in a negative way, to put 
opposing party members in unfortunate situations or to 
use memes to mock them, which can cause offence and 
influence people by creating images that are not real. 


As well as being used for political purposes, image 
editing can also be used in the entertainment industry. 
Image editing is used to create posters, signs, CD and 
DVD covers, all of which are enhanced to increase their 
attractiveness and appeal. This can increase sales as the 
images are attractive, but it does not portray an image of 
real life. 
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Questions 
1 Describe bitmap graphics. 
2 Describe vector graphics. 


3 State two advantages of vector graphics 
over bitmaps. 


4 Explain the problems associated with image 
manipulation on society. 


18.2 Common graphic 
skills 


Layers 


Layers contain parts of an image, or an effect, that can be 
built up on top of each other to create the final image. By 
using layers, you can move ox edit elements of an image 
independently without affecting other elements of the 
image. Imagine that each layer is an individual piece of 
paper and you can move them above and below each other. 


layer: a ‘surface’ onto which an image or objeci 
| is placed; each object is placed on a separate 


layer and they are stacked on top of each other 
| (as though on different pieces of paper) 


On the right-hand side of the screen is the layers menu. 


Figure 18.8: Layers menu. 


To create a new layer, click the new layer symbol, then 
double click the layer name to change it. 


18 Graphics creation 


Figure 18.9: New layer symbol. 


To delete a layer drag the layer, using the left mouse 
button, to the bin. 


Figure 18.10: Bin symbol. 


The layer that is on the top is in front. In this example 
the blue ellipse is in front of the rectangle, because the 
layer is higher up. 


Figure 18.11: Ranking of layers. 


To reverse these, and make the red rectangle come to the 
front, drag it above the circle layer. 
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Transform tools 


Transform tools are used to change the size, rotation, 
distortion and skew of an item. 


Fa 


To transform an item, you first need to select its layer 
and then the part of the object you want to change. You 
can do this using any of the selection tools, for example, 
lasso, magic wand, rectangle select tool. 


iF 
= 
# 
F 
= 
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Scale/resize 


Scale, or resize, lets you change the size of an object to 
make it larger or smaller. 


Once you have selected the object, click Edit from the 


Figure 18.12: Ranking of layers (reversed). top menu, then Transiorm and Scale. 


The squares will appear on the object and you can drag 


To raise a layer, drag it one position up. these to resize the object. 
To lower a layer, drag it one position down. 
To bri fi drag the 1 to th t Moys 
to front, drag the layer to the very top. s 
S S y ee This tool lets you move the shape you have selected. 
This allows you to order layers. Click the Move tool from the toolbar, then drag the 


An alternative way is select the layer, then from the top shape to where you want it. 


menus select Layer, then Arrange. In this menu there 

are options to bring forward (raise), send backward Flip 

(lower), bring to front, and send to back. This lets you create a mirror image of the shape, either 
horizontally or vertically. 


PRACTICAL ACTIVITY 18.02 From the top menu select Edit, then Transform. 
There are two options: Flip Horizontal and Flip 


Vertical. Click one of these to flip the object. 


1 Create two layers and draw an image in each 
layer. Move the layers to change the order. 


2 Open a background image, for example, Shear/skew 
scenery such asd forest. Add new images Skew allows you to edit the edges of a shape while 
such as additional trees, objects such as keeping it iu proportion. For example, here the rectangle 


buildings and/or people in new layers. has had both of its edges skewed, 
Position the layers so that the new objects 4 


are in front of the background. 


3 Open 18.01 Background.jpg in your 
image manipulation software. You may 
need to convert this to a different file type | 
depending on the software you are using. 
Add a new layer to this image and use the 
drawing tools to add shapes, lines, and so 
on to the image. Use the drawing tools to 
draw a new tree or flower or other feature. 
Change the shapes, move them, delete 
them; the background layer should not Rotate 
change. Add further layers with additional This lets you turn a shape. Click the Edit menu then 
shapes or objects. Transform and select Rotate. Put your cursor near the 
corner of your object and you can free rotate it. 


NE li 
402 X 


Figure 18.13: Skewed rectangle. 


Skew is in the Edit — Transform menu. Once selected, 
move the squares on the object to skew the object. 
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Grouping or merging 

When creating an image, you may have multiple items 
(objects or shapes). These can all be moved individually, 
which can cause problems when you need them to 

stay together. You can group or merge items, which 
combines them into one item that can be moved and 
resized together. 


To group two or more objects, click one object, hold 
down shift on the keyboard and select the other object; 
they will now become one. To ungroup the objecis, click 
elsewhere on the screen and they will be separated. 


Flatten will combine all of the separate layers in an 
image into one layer. To do this, right click one of the 
layers and choose Flatten Image. 


KEY WORDS 


group: join several images together 


flatten: merge ali layers into one single layer 


Using the image you manipulated in 
Practical Activity 18.02, select all the items 
you added in one layer (for example your 


drawing of a tree) and group or merge them. 
The item should now move as one, rather 
than as separate componenis. 


Rotate one of the items you have added in a 
layer in Practical Activity 18.02, for example 
a tree. Move it to a new location. 


Insert the bench from 18.02 Bench.jpg into 
the background on 18.01 Background.jpg. 
Resize the bench and move it into a 
suitable position. 


Alignment and distribution 
tools 
Align 


This allows you to make two or more objects start at a 
set point, for example at the top, the left, the bottom or 
the right. 


To align objects, first select them and then from the top 
menu choose Layer, Align and then one of the options. 
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Figure 18.14: Align menu options. 


Distribute 


Distribute works on layers. It evenly spaces out the three 
(or more) layers selected, based on horizontal or vertical 
distances. 


distribute: make the space between 
objects the same 


To use Distribute, highlight at least three layers. Select 
the Layer menu, then Distribute and choose which 
edge you want the distribute to use. 
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Figure 18.15: Distribute menu options. 


Ne O 


403 > 


Copyright Material - Review Only - Not for Redistribution 


> CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


Layout tools Grids 
Rul You can put a grid on the background of the image 
ulers to help you align objects by using the lines to position 
You can view a tuler on the horizontal and vertical axes them. The grid does not appear on any printout or 
of the screen. This lets you see how large an object is exporting of the image, it is purely to help you create 
in inches. the image. 
To turn rulers on and off select the view menu and then To turn the gridlines on or off, select the View menu, 
click Rulers. The tick indicates that rulers are visible. then Show and then Grid. 
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Figure 18.16: Ruler on/off options. EA adak 


Rulers can be in cm, inches or pixels. To change the 


measurement, double click one of the rulers and then 
choose the units you want. 


Figure 18.17: Ruler measurement unit options. Figure 18.19: Image with grid options. 
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Guidelines 


You can set a line at a speciiic point, for example at 3.5 
inches in. These can then be used to align objects and 
make sure you are drawing images of the correct size. 


WORKED EXAMPLE 18.01 

Set a guideline 

Create a new vertical guideline. 

First click the View menu and then New Guide. 


Then select Vertical from the new menu. Enter the 
position where you want the guideline to appear, in 
this case at 3.5 inches. Then click OK. 
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Figure 18.20: Vertical guideline option. 


Snapping 

Snap tries to help yov by only allowing you to adjust, 
or draw, an object to meet gridlines. If you want more 
freedom to edit or draw the objects, you will need to 
turn snap off. 


WORKED-XAMPLE 18.02 
Set the shapes to snap to meet the gridlines. 


Furst click View and then if Snap is not ticked, click it. 


When you want more freedom, click on the Snap 
button again to untick it. 
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Figure 18.21: Snap options. 


Crop tools 


Cropping lets you select only part of an image to keep 
and removes everything else. To do this, select the crop 
tool from the menu and then drag the corners of the 
image in to show only the area you want to keep. 
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WORKED EXAMPL NED 


Crop the image so only a square from the centre of 
the image is produced. 


First click on the Crop button on the left hand menu. 
Adjust the size of the box by clicking on the edges or 
corners. 


Figure 18.22: Cropping. 


When you have a square in the centre of the screen, 
click Enter to complete the crop. 


PRACTICAL ACTIVITY 18.04 


Using 18.01 Background.jpg, crop the bottom 
layer of soil from the image and the top of 


the sky above the clouds. Make sure you have 
the correct layer selected before you begin, 
otherwise you will crop the wrong image. 


Colour systems (RGB, HSL, 
CMYK, CMS) 


A colour is developed by combining different colours in 
different quantities. 


RGB 


In school you have probably learnt about the primary 
additive colours, Red, Green and Blue. Every colour 
can be created from combining these colours in different 
quantities. 


In Adobe Photoshop the amount of each colour is 
represented by a two-digit number, from 0 to F. This is 
called hexadecimal, the higher the number, the more of 
that colour is present. The letters are used to represent 
two-digit numbers, so A = 10, B = 11, C = 12, D = 13, 
E = 14 F = 15. So to have as much of one colour as you 
possibly can have, use FF. To have absolutely none of 
the colours, use 00. 


Sometimes the numbers are replaced with whole 
numbers between 0 and 255. The most of a colour is 
255, which is equivalent to FF. None of a colour is 0, 
equivalent to 00. 


RGB colour codes are RRGGBB, which is the amount 
of red, then green, then blue. Look at this colour code: 
FF0000. This shows RR = FF (the highest), and no 
green or blue. So the colour is red. There are lots of 
colour mixers online to try. 


PGB: Red/Green/Blue colour system; all 


colours are a combination of quantities of red, 
green and blue 


HSL 
HSL stands for Hue-Saturation-Lightness. 


A 
HSL: Hue/Saturation/Lightness colour system; all 


colours are a combination of the hue saturation 
and lightness selected 


The Kue represents the base colour (red, yellow, green). 
The saturation is the % of that colour being used, 

with 100% being the highest. Lightness is a % from 
white to black. 


For example, this is hue 100, with 50% saturation and 
50% lightness. 


O 


Figure 18.23: Hue 100, with 50% saturation and 50% 
lightness. 
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Increase the saturation to 100% 


Figure 18.24: Hue 100, with 100% saturation and 50% 
lightness. 


Now increase the lightness to 95% (100% would make it 
white and invisible) 


Figure 18.25: Hue 100, with 100% saturation and 95% 
lightness. 


You can represent every colour using different values for 
hue, saturation and lightness. 


Questions 

5 What do the letters RGB stand for? 
6 What colour will FF0000 create? 

7 What colour will 00FF00 create? 

8 What colour will OOOOFF create 

9 What colour will 000000 create? 

10 What colour will FFFFFF create? 


PRACTICAL ACW Y 18.05 


Generating colours 


Find a colour generator online and try 
experimenting with HSL. j 


Enter some numbers and try and guess what 
| colour will appear. 


Work as a pair and test each other, give your 
partner the numbers for a colour and ask them 
what colour they think it will produce. 


A 
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CMYK 


CMYK stands for Cyan—Magenta—Yellow—Black. These 
are the coiours usually used by printers. Your printer 
wil! probably have a cartridge (or toner) for each of 
these four colours. By mixing these four colours you can 
create any colour. 


KEY WORD 
CMYK: Cyan/Magenta/Yellow/Black colour 


system; all colours are a combination of these 
four colours 


Each colour is given a number as a percentage from 0 to 
100, as to how much of the colour is included. 


CMS 


This is not a colour itself, but a CMS (Colour Matching 
System). This is a way that a piece of software can select 
a colour from an image and reproduce it. For example, 
if you have an image of a car and you want the shade of 
red used in the car, you can click the colour and find out 
what its RGB/CMYK values are and then use this later. 


Adobe Photoshop has the magic wand tool that lets you 
click a colour and then use it elsewhere. 


Colour picker tools 


Colour options appear in a sidebar. Click the small 
colour square. 


Figure 18.26: Colour options. 
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In the new menu you can manually select the colour 
based on the RGB and CMYK, and HSB (B for 
Brightness instead of Lightness). 


Figure 18.27: Colour options — manual selection. 


You can also use the eyedrop tool to select a colour. 


Click the tool from the menu, and then on the colour 
you want to select and it appears in the colour menu. 
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Figure 18.28: ‘Eyedrop’ colour selector. 


Image resolutions 


The image resolution is the amount of detaii that is 
within an image: the number of pixels per inch. The 
more pixels you have, the more individual pieces of 

detail you can have. However, this has an impact 

on other areas. The more pixels you have, the more 


information you have to store, so the file size is larger. 


The image has to be viewed in some way such as on a 
screen, or printed out. However, screens and printers 

have their own maximum resolutions so the resulting 
resolution is limited by the hardware being used to display 
or view it regardless of how much detail is in the image. 


To change the resolution in Adobe Photoshop you need 
to change the size of the image. Click Image on the top 
menu bar and then Image Size. 


You can then change the width and height of the image, 
and also the resolution. The larger the number, the more 
pixels there are per inch. 


Figure 18.29: Width, height and resolution options. 


File formats 


There are a range of file types you can use to save your 
image. These can be selected by choosing an option 
when saving or exporting the image. Some of these are 
in the table 18.1: 


Bitmap Image: There are 

a range these formats, for 
example black and white, 256 
colours, four-bit (16 colours), 
aight-bit (256 colours). The 
smaller the number of colours, 
the smaller the file size, but the 
quality also decreases. 
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Bitmap į Graphics Interchange Format: 
This is a compressed format 
that will reduce the file size and 
is commonly used for online 
images. This format allows for 
transparency, as long as it was 
not created using an alpha 
option, and is also restricted to 
256 colours. 


Joint Photographic Experts 
Group: This is a common 
format that has a range of 
colour options to reduce file 
sizes. The image is compressed 
when saved and decompressed 
when opened. The level of 
compression can often be 

altered to gain a balance of 
compression versus quality. This 
type of image does not allow 

for transparency. Any areas that 
are transparent will be stored as | 
white or black. 


Portable Network Graphics: 
This format uses lossless 
compression to reduce the 
file size. It has a range of 
colour options, and it keeps 
transparency in all images, which 
is not the case for all other 
options 

Tagged Image File Format: 
In this format, the number of 
colours can be adjusted to 
reduce the file size. This file 
type can save effects, such as 
the use of layers, if saving and 
reopening an image in the same 
software. 


Scalable Vector Graphic: It 
supports animations. 


Vector 


Portable Document Format: 
This is a format used by Adobe 
products. It keeps documents 
as they were designed but in a 
common tormat. 


Table 18.1: File formats. 


When choosing a file type, do not overwrite 


the original file as, if the compression reduces 
the quality, you may be unable to retrieve the 
original. Save it under a new name. 


There are two ways you can change the format. The first 
is to Save As and select a different file type. 


The second is to Export the image. Click File then 
Export As to give you the options of PNG, JPG, 
and so on. 


PRACTICAL A 


Open an image you have already created. Save, 


or export, the image in each of the different file 
types. Compare the images and look at what the 
differences are. 


Questions 


11 Name three bitmap image formats. 
12 Name one vector image format. 


Opacity 

Opacity means a lack of transparency, that is how 

solid and non-see-thronugh the image is. Opacity is a 
percentage, which represents how transparent an image 
is. For example, 20 per cent opacity means that the 
image is 80 per cent transparent. This can be added as 

a mask to the entire image, or a small area of an image 
can be seiected (using an appropriate selection tool) and 
then the opacity can be altered just in this area. 


opacity: the lack of transparency of an image; at 
0% opacity the image is fully transparent 


transparency: being able to see through an 
object or surface 


You can change the transparency (opacity) of a layer 
by selecting the layer in the layer menu, and then using 
the drop-down menu next to Opacity and the slider to 
adjust the value. 
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pacity =4 8 


Figure 18.30: Opacity option. 


WORKED EXAMPLE.1604 


Change the opacity of the magenta rectangle, so that 
the green rectangle can be seen through it. 


First click on the layer for the magenta rectangle. 


Figure 18.31: Layer option for magenta rectangle. 


Click on the opacity bution and drag the arrow to the 
left. Watch the magenta rectangle as you move it to 
get the transparency you need. 


Figure 18.32: Transparency slider for layer. 


18.3 Vector images 


Vector drawing tools 


Freehand drawing 

There are a range of freehand drawing tools, all selected 
from the Brush Tool menu. Hold the left mouse button 
down on the menu to see the additional options. 


Figure 18.33: Freehand drawing tools. 


Once you have selected your tool, and colour from the 
right-hand menu, draw your image on the canvas. 


KEY WORD 


canvas: the area in the software where you add 
and edit your images 


Bezier curves 


Bezier curves are named after the person who developed 
the now common way of drawing arcs in a computer. 


KEY WORD 


bezier curve: smooth curves made of paths that 
can be scaled indefinitely 


A curve is created using the Curvature Pen Tool to 
draw a straight line first. 


Copyright Material - Review Only - Not for Redistribution 


a TT eo a 


pa mpa png 


eter =e + 


mr Fer Tor 


evn Tool 


=n 
Se 


Figure 18.34: Pen tool menu. 


Then select a midway point on the iine and drag it 
outwards to create a curve. 


Figure 18.35: Curve ‘mid’ point. 


Straight line 


To draw in Adobe Photoshop hold the left mouse button 
down on the Shapes Tool and select Line Tool. 


18 Graphics creation 


Figure 18.36: Line too!. 


Shape tools 


The Shape menu has inbuilt shapes to allow you to draw 
rectangles, ellipses (e.g. circles) and polygons. 


Arcs, stars and other shapes such as arrows are all 
accessed from the Custom Shape Tool option. The 
drop-down menu gives other options such as arcs, stars 
and spirals. 
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Figure 18.37: Custom shape tool. 


Selection tools 


A selection tool lets you access, edit and manipulate just 
one part of an image. You can choose which parts to 
change. There may be a range of different tools that you 
can access depending on your software. For example, the 
Lasso Tool lets you draw freehand around the area of 
an image you want to select. Hold the left mouse button 
down to select the area. 
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Figure 18.38: Lasso tool. 


A Rectangular Marquee Tool provides you with a 
shape, such as a rectangle, that you can ‘draw’ over your 
image to select a rectangular area. 


Figure 18.39: Selecting a rectangular area. 


A Magnetic Lasso Tool will stick to an edge within 
an image, for example a line or a specific colour, which 
means you don’t need to foliow the line precisely. 
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Figure 18.40: Magnetic lasso selection tool. 


When making your selection, make sure you 
are on the correct layer. If not, then you will be 
selecting that area of a different layer, which will 
not give you the image required 


PRACTICAL ACTIVITY 18.07 


Use a selection tool on 18.01 Background. jpg. 
Select one of the trees. Create a new instance 
of this object (copy and paste it into a new 
layer), then use the Transform tools to adjust its 
position and size. Repeat this with the bench in 
18.02 Bench.ipg. 


Fill toois 


Arill Tool lets you select a colour, then fill a selected 
area with that colour. For example, if you select red, 
then the Fill Tool, then click inside a rectangle, it will 
change the rectangle to red. Some software may require 
you to select the Fill Tool, then the colour. 


To fill an image, select the Fill Bucket Tool, 
choose your colour and then click the image you want 
to change. 
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Figure 18.41: Fill tool options. 


Fill gradient lets you select two colours and Adobe 
Photoshop will change the colour from one to the 
second. First you need to select the area that you want 
the gradient to be applied to, for example using the 
rectangle select tool. 
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Select the first colour, and then the second. N od ean d p at h e d it i n g 


Existing shapes 

Shapes are made up of nodes (points that can be edited) 
and paths (between nodes). You can change these by 
right clicking an object and selecting warp. This shows 
you the nodes and, by dragging these with the left mouse 
button, you can change the shape. 
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Figure 18.42: Colour gradient options. 


There are a range of pre-set gradient fills that you can 
select from. Once you have chosen the Gradient Fill 
Tool these appear at the top of the screen. 


Figure 18.44: Warping option. 


we, 
PRACTICAL ACTIVITY 18.09 


Select the nodes on one of the mountains on 
18.01 Background.jpg. Manipulate the shape 


of the mountain. Make it higher and change the 
angles of each side. Repeat this with the copy of 
a tree you have made and change the shape of 

the trunk. 


Pen tool 


If you use the Pen Tool you can add new nodes and 
edit these to tailor your shape. 


an 
| Use a Fill Tool to change the colour of the sky, 
trees and mountains in 18.01 Background.jpg. 
Make sure you have the correct layer selected 
first. Change the fill colour of the bench in 18.02 
Bench.jpg by use a fill pattern or gradient. 


ICAL ACTIVITY 18.08 


When you have drawn your line, or shape, with the pen, 
right click where you waut a new node and select Add 
Anchor Point. This will give you, 
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Figure 18.45: Adding an anchor point. 


Choose the Direct Selection Tool to select one 
of the nodes and adjust it. This will give you a Bezier 
handle, which allows you to alter the curve by moving 
the squares to adjust the angles. 


Figure 18.44: Direct selection tool. 


Right clicking a node gives you the option to delete 


that node, which will simplify the shape (there are fewer 


pots to edit). 
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Figure 18.47: Menu option for deleting node. 


You can align multiple paths by using the Path 
Selection Tool from the left-hand menu. Hold down 
Shift to select two or more paths, then choose the 
drop-down menu for Align. Distribute is also in 

this menu, so you can create the same distance between 
the paths. 
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Figure 18.48: Alignment and distribution options. 
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Convert bitmap images into 


editable vector shapes 


The images displayed in Adobe Photoshop will be 
bitmaps, but you can export these to vector shapes. 


First highlight the area that you want to export, for 
example by using the Magnetic Lasso Tool. 


Make sure the Paths menu is open (window from the 
top menu, then Paths). 


From the Paths menu, choose Make Work Pata. 
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Figure 18.49: Make work path menu. 


Set the tolerance: the lower the number, the more precise 
the shapes are. 


Figure 18.50: Setting tolerance. 


Once you have the path, you need to export it as a 
vector. To do this, click File, Export and then Paths 
to Illustrator. This creates an illustrator vector file 
with your image. 
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Figure 18.51: Export menu. 


Vector graphics are better for images that you need 

to create in different sizes, for example to enlarge for 

a poster, and make smaller for items such as business 
cards. This is because they do not pixelate when 

you change the size. However, not all images can be 
converted into exact vector graphics. For example, you 
can take some elements of a photo and convert it into 
a separate vector, but a whole photograph cannot be 
converted and retained with the same content. 


You can trace bitmap images to convert them 
into vector images. An example of how to do this 
is shown in Chapter 19, Importing an image. 


PRACTICAL ACTIVITY 18.10 


J.B. Garden Landscaping need an image 

to put on their website. They would like a 
brown arrow pointing to the right, on top of 
a green rectangle. Create the image for J.B. 
Garden Landscaping. 
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2 Haven's Creations would like you to create a 
logo of a series of clouds of different shades 
of grey overlapping each other. Create the 
image tor Haven’s Creations. 


3 Robson's Refreshments would like you to 
create an image of a table with drinks bottles 
of different sizes on the top. Create the 
image for Robson's refreshments. 


4 Bhavin's Buildings would like you to create 
a logo of a high-rise building. It should have 
at least 10 storeys and have the image of a 
cloud behind the top of the building. The 
building should be an appropriate colour to 
stand out against a pale blue background. 


18.4 Bitmap images 


Selection tools 


The selection tools available with vector graphics can 
also be used with bitmaps, such as the Lasso Tool, but 
there are other tools as well. 


Hold the left mouse button down to select the Magic 
Wand Tool. This allows you to select pixels based on 
their colour. 
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Figure 18.52: Quick selection tool. 


Hold shift as you left click the area you want to select. 
The tolerance lets you adjust which eiements it selects. 
The tool works by selecting pixeis that are of a similar 
colour (RGB colour for exampie) to the one you have 
clicked. The higher the tolerance, the wider range of 


colours it will select. The lower the number, the more 
precise the colour needs to be. 


For example, by selecting the red of the lighthouse 
there can be a high tolerance because there are no 
other colours similar around it. However, to select 

the top part of the lighthouse will need a very small 
number, because the white is very similar to the clouds 
and if the tolerance is too high then the clouds will be 
selected as well. 


PRACTICAL ACTIVITY 18.11 


Open 18.03 New York.jpg. Add a new 

layer and add the image from 18.04 

Helicopter.jog. 

2 Move the helicopter to an appropriate 
position in the sky and rotate it so it fits into 
the skyline. 


3 Open 18.03 New York.jpg and 18.04 
Helicopter.jpg. Add further copies of the 
helicopter onto the New York image in the 
same layer. Select all of these layers (you 
may need to use the Shift or ctrl button 
to select more than one), then group or 
merge the layers into one layer. You should 
now be able to move them together. 

4 Use a selection tool (for example the 
Magnetic Lasso Tool) to highlight one of 
the buildings in 18.03 New York.jpg. Copy 
this image and paste it into a new layer. 
Move the building so it looks as if it belongs 
in the city. Repeat this with other buildings 
to create your own version of New York. 


5 Open 18.05 Frog.jpg. Crop the image so 
only the face and eyes of the frog are visible. 


Colour levels 


An entire image, or just part of one, can be converted 
from colour into black and white, or duotone. 


Greyscale can be selected by selecting the Image menu, 
then Mode and Grayscale. 


Grayscale is the American spelling of greyscale. 
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Figure 18.53: Selecting Greyscale mode. 


This changes the whole image. If you only want one 
part to be in greyscale, then select the area you want 
using one of the selection tools. From the menus choose 
Adiustments and then Desaturate. Only the area you 
selected will become greyscale. 
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Figure 18.54: Selecting desaturate in adjustments menu. 


This menu has other colour changes, such as Hue/ 
Saturation, Black & White, and so on. 
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18 Graphics creation 


Colour Balance allows you to change the colour that 
you have selected. You can add, or remove, the different 
colours to, or from, the image to change the colour of 
the area you selected. Adobe Photoshop will keep the 
shades as they are because each pixel will be adjusted by 
the same amount, so if one was lighter to begin with, it 
will be lighter after the change. 
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Figure 18.55: Colour balance sliders. 


Within the colour balance there are options for Shadows 
and Highlights. These can be used to adjust images 
that may be too dark, or too bright. By adjusting the 
shadows or highlights you can make the image brighter, 
or darker. 


Brightness allows you to increase the brightness of 
the image, or the part of the image selected. Contrast 
increases the ditference between the different colours 

in the image. Both of these are selected from the Image 
menu, Adjustments and then Brightness/Contrast. 


Figure 18.56: Brightness and contrast sliders. 
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PRACTICAL ACTIVIA 


1 Open 18.06 Village.jpg. Change the colour 
to black and white, duotone and a range of 
other colours. Compare turning an image to 
black and white then to duotone, rather than 
straight to duotone. 


2 Take a photograph and open it in Adobe 
Photoshop. Change the image so only the 
main focus of the photograph is in colour; 


| the rest should be in black and white. 


Tools/filters 


There are a range of tools and filters that can be used to 
edit images. 


Clone creates an identical copy or part of an image. 
For example, if you have a tree that you would like to 
duplicate, by using this tool you can ‘paint’ a copy of 
the tree in a different place without having to trace the 
outline and copy it. 


To use the clone stamp, select the Clone Stamp button. 


Figure 18.57: Cione stamp button. 


Hold Alt and click the area of the image that you want 
to copy. Move the cursor to where you want to paint the 
image, hold the left mouse button down and move ii to 
draw the image. 


The Red Eye Tool will automatically remove a red eye 
effect caused by a photo flash. Click the rea eye tool 
and draw a box across (or click) the red pupil. You may 
need to do it more than once to get the whole area. The 
red eye tool uses the other colours from the eye to fill in 
the pupil. 


Figure 18.58: Red eye tool. 


A filter can be used to add effects to an image or to 
change a small element of it. There are numerous 
filter tools you can use including the Blur Tool, the 
Sharpen Tool, and the Smudge Tool. These are can 
all be accessed from the left-hand toolbar. 
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Figure 18.59: Blur, sharpen and smudge tools. 


The Blur Toc1 reduces the focus on areas of the image. 
You can adjust the strength of the blur, and the size 
using the top toolbar. Drag the tool repeatedly over the 
area of the image you want to blur; the more times you 
go over the one area, the more blurred it will become. 


Figure 18.60: Percentage of blur. 
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18 Graphics creation 


Distort and Warp both allow you to change the 
perspective of an image, or part of an image; for 
example if you have an image of a high-rise building 
and the perspective has curved the lines. 


Figure 18.61: Warped images. 


Both can be accessed from the Edit-Transform menu. 
Dragging in the boxes on the edges of the image can be 
used to distort or warp the image. 
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The Sharpen Tool improves, or increases, the contrast 
between colours. For example, an edge between a 

light and dark area can be sharpened to make it 

more defined. 


The Smudge Tool lets you change part of the image, for 
example expand it or stretch it out, almost as if you have 
dragged your finger through the drawing. Used subtly 
you can edit the size and shape of images. 


PRACTICAL ACTIVITY 18.13 


Select a photograph of yourself, or of 
your friends. (Make sure you have their 
permission before using an image of 
someone e!se.) Use the smudge, red eye 
remover and clone tools to edit the image 
and either make it better, or worse. 


Create a 'spot the difference’ puzzle. Take an 
image and create a copy of it. Make several 


subtle changes to this image and challenge 
someone to spot the differences between 
the two images. 


Open 18.07 Fruit bowl.jpg. Use the 
sharpen, distort and blur tools to alter the 
image. For example, you could make the 
fruit the focus by increasing the contrast 
and blurring other elements. You could also 
use other tools mentioned, for example the 
Clone Tool, to add more fruit to the image. 


Resize an image/canvas 


An image can be resized or scaled. Bitmap images may 
pixelate if they are increased too much in size. If part 

of an image needs to be resized, then you can use a 
selection tool to select the pixels you want to change and 
then use Scale to change the size, the same way as you 
would with a vector. 


If the canvas needs to be enlarged, this can be done 
through the menu system by selecting Image and then 
Canvas Size. 
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Figure 18.63: Selecting canvas size menu. 


You can then select the measurements (for example, 
pixels, cm or inches) and enter your new dimensions. 


Figure 18.64: Canvas size measurement options. 


The new background, outside the image, may appear 
as a checkerboard in grey and white. This means it is 
transparent. To change this, you will need to either fill 
the background with a colour, or colour gradient, or 
increase the size of the image to fill the new space. 


18.5 Compression 


Compression is a mechanism to reduce the file size on 
a file, in this case an image. You may need to compress 
an image because the file size is too large, for example 
to email to someone, or to store on your computer 

if you have limited space. On websites images may 

be compressed so that they do not take as long to 
download. There are two types of compression, lossless 
and lossy. 


Lossless compression uses an algorithm to reduce the 
size of the image. When the image is decompressed, it 

is identical to the original. No data is lost. For example, 
you may put an image into a zip file format; when you 
unzip the image it will be identical. The effect of this is 
that the image you get is exactly the same image that you 
sent. It will not, however make the file as small as lossy 
compression will. 


Lossy compression uses an algorithm to reduce the size of 
the image by removing some of the data. When the image 
is decompressed, it is not identical to the original. Data 

is lost. This means the image you get will not be identical 
to the original e.g. it may have fewer colours, or a lower 
resolution, but the file size will be smaller than lossless. 


Lossy compression loses data, but it also compresses 
the image further (you can get a smaller file size). Two 
examples of lossy compression are changing the colour 
depth and changing the resolution. 


Colour depth 


The colour depth of an image is the number of different 
colours that can be represented. The higher the colour 
depth, the more colours you can use, but the larger the 
file size will become. This is because the colour depth is 
related to the bit depth. 


The bit depth is the number of bits allocated to each 
pixel. If you have 1 bit per pixel, then there are two 
possibilities; 0 or 1. Each number is allocated a colour, 
e.g. 0 is red and 1 is blue. Therefore, 1 bit can only 
represent 1 colour. 
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18 Graphics creation 


Increase the bit depth to Ibyie. 1 byte is 8 bits. In 1 byte 
there are 256 different unique numbers. If each unique 
number has a different colour, then | byte gives you 

256 colours. 


Increase it again to 2 byte (16 bits). Now there are 65536 
different colours. 


This all affects the file size. If your image has 100 pixels, 
then wiih 1 bit each pixel takes 1 bit of memory. 
100 x i = 100 bits, or 12 bytes. 


Tf each pixel has 1 byte, then 100 x 1 byte = 109 bytes. 


KEY WORDS 


lossless compression: a method of compression 
where the decompressed image is identical to 
the original 


lossy compression: a method of compression 
where the decompressed image is not identical 
to the original 


colour dapth: the number of colours that can be 
represented in the image 


Ai 


To change the colour depth, select Image and then Mcde. 
8 bits means there are 8 bits per pixel; 16 means there are 
16 bits per pixel, and therefore a greater range of colours. 
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Figure 18.65: Image/Mode menu. 


E 


Changing the resolution by making it smaller will 
reduce the number of pixels per inch of the image. For 
example, for every square inch there might be 50 pixels 
instead of 100. This means there are half as many pixels, 
and therefore half as much data to store. 


To change the resolution select Image and then Image 
Size, and change the number in the resolution box. 


ample: Automatic 


Figure 18.66: Inage size measurements. 


18.6 Text 


Add text to your image by selecting the Text Tool. You 
get the choice of horizontal or vertical. Click the tool 
and then where you want the text, then type the text. 
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Figure 18.67: Text tooi options. 
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By clicking your text, you then see font face and size 
options at the top of the screen. 


Figure 18.70: Inserted text and kerning options. 


Changing the amount of space between lines is also 
available on this menu. 


Figure 18.68: Inserted text and text tool options. 


Adobe Photoshop has a character window with 
additional options. Select window and then Character 
if it is not already open. 


Figure 18.71: Inserted text and line spacing options. 


When you have written your text, you can set it to match 
a shape. Choose the Shape option from the top menu 
and then choose the shape from the menu. Change the 
settings to adjust the size of the shape. 


Figure 18.69: Inserted text and character options. 


Adding space between letters is called . This can 
be changed by increasing or decreasing the number in ECZ 
the character space box. 


the space between letters 
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Figure 18.72: Inserted text with warp text sliders. 


Set text in a shape 


To add text within a shape, you first need to draw the 
shape (for exainple, using the custom shape tool). Click 
the Text Tool and then click inside the shape, and the 
text will be within the shape. 


Figure 18.73: Inserting text in a shape. 


Convert text to curves 


You can convert text into an outline shape that you can 
then manually manipulate. To do this, select the text you 
want to convert, and then from the top menu choose 
Type and then Convert To Shape. You can now edit 
the text as though it was an ordinary shape. 
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18 Graphics creation 


Create the following logo for Sunshine Holidays. 
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Figure 18.75: Finished logo. 


Select the colour yellow from the palette and draw an 
ellipse. 


Figure 18.76: Selecting logo shape and colour. 


Enter the text Sunshine Holidays in black, select the 
Arc shape and then change the Bend value until it is 
how you want it to appear. 
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Figure 18.77: Inserting text with distortion sliders. 


Adjust the shapes until they are in the correct position. 
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PRACTICAL ACTIVI 


Draw a curved line, similar to that in 

Figure 18.78, above the trees in 18.01 
Background.ipg. Give the image a title. Adjust 
the text size, colour and so on, so it fits in with 
the scene. 


oe 


PRACTICAL ACTIVITY 18. 


1 J.B. Garden Landscaping need a bitmap 
image to be the faded background of their 
website. It should be made up of different 
plants including trees and flowers that have 
been combined from a range of images. 
Create the image and then fade it to 30 per 
cent opacity. 


2 Haven's Creations sell cakes and would 
like an image of a single cake to add to 
their logo. Extract an image of a cake 
and position it in an appropriate place on 
their logo. 


3 Robson's Refreshments have a new drink 
out named Robson's Berry Crush. They want 
a label that is 20 cm wide by 6 cm high for 
the drink. There must be images of a range 
of berries and the name of the drink in an 
appropriate place. 


4 Bhavin’s Buildings would like a border for the 
bottom of their website that has a range of 
buildings that appear as a skyline. Create the 
skyline border. 


Plant Horizons is an online company that sells 
houseplants. They want the following logo to be created: 


Figure 18.79: Finished logo. 


First click on the arrow next to the Shape symbol. 
Select Nature from the options. 


Figure 18.80: Selecting ‘nature’ shapes. 


Select a shade of green from the palette. 


Figure 18.81: Selecting green shade. 
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Select the leaf and draw it on the screen. Plant Horizons would like the following background 
image creating for their website. 
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Figure 18.84: Flower images. 


Figure 18.82: Selecting leaf shape. 


Open the pink flower image and select the magnetic 
Click on the text tool to add the company name. lasso tool. 

Choose your font style and size from the top menu. 
Choose the colovr black, and centre-align the text. 
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Figure 18.85: Image of pink flower. 


Drag the tool around the image, click the left mouse 
button if it won’t lock exactly where you want it to. 


Figure 18.83: Selecting text options. 


Type the company name; Plant Horizons. 
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Copy the image and paste it into a new file that is 1000 Open the image of the orange flower and repeat the 
pixels by 1000 pixeis. Change the size of the image so it process. 
fits. 


BA O aL 


Figure 18.87: Selected flower image pasted into new file. 


Figure 18.89: Orange flower added. 


Open the image of the yellow flower and repeat the 
process. Change the opacity of both flowers to between Export the image as a gif. 
60 and 70 percent. 


Figure 18.91: Exporting image. 


| Figure 18.88: Yellow flower added. 
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18 Graphics creation 


1 What are the moral issues associated with image manipulation? 


2 Did you consider the copyright of the images you used to complete the tasks and practise your skills? 


| EA -STYLE QUESTIONS X 


1 Titania’s Televisions needs a new logo. 


The company has asked for there to be a rectangular television with a gradient fill from top to bottom 
and a small triangular stand similar {to this image: 


Figure 18.92: Blank television screen. 


The outline should be in dark blue, and no more than “pt thick. 


The word Titania should be inside the television, in a sans-serif font, in an arc. The font colour 
should be green. 


a Create Titania’s logo and save it as a vector graphic. It should be no more than 250 by 250 pixels. [13] 
b Explain why a vector graphic is more appropriate for a logo than a bitmap image. [4] 
c Explain how lossy compression can reduce the file size of an image. [6] 

[Total 23] 


2 Kim’s theme park needs an image for the homepage of her website. 


a Draw a rollercoaster using a rectangle and distort the top. Add six evenly spaced circles for 
wheels, and a black: line to act as a track and as a rectangle. Inside ihis rectangle should be the 
word Rollercoaster in a green sans-serif font, set across an arc tu {oilow the rollercoaster shape. [15] 


Figure 18.93: Rollercoaster logo. 


b Suggest an appropriate file type to save the image. Justify your choice. [3] 
c Explain the difference between the RGB and CMYK colour schemes. [4] 
[Total 22] 
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I can work wiih layers to raise, lower, bring to front and order iayers. 


I can use irausform tools to resize, skew, flip, rotate, move. scale and shear images. 


I cau use grouping or merging tools to group, ungroup ind flatten images. 


I can use alignment and distribution tools such as teft, right, top and bottom alignment and vertical and 
horizontal distributions. 


|_| 1 can use layout tools such as rulers, grids, svidelines, snapping. 
|_| Ican use colour picker tools. 


Ican use crop tools. 
I can know and understand the properties of different colour systems (RGB, HSL, CMYK, CMS). 


I can know and understand the veed for different image resolutions (impact of tco high/low resolution on an 
image on screen/in print). 


I can know and understand how to select different bitmap and vector file formats (svg, bmp, jpg, png, gif, 
tif, pdf). 
I can know and visierstand how to change the opacity of all or put of an image. 


I can create a v2cior image using vector drawing tools such as:. 


freeh?na drawing, Bezier curves and straight lines 


shave tools: rectangles, ellipses, circles, arcs, stars, polygons and spirals. 


I can create a vector image using selection tools to sz!cct parts of a vector image. 


I can create a vector image using fill tools to colour zlements (including gradient fills). 


| ı ican create a vector image using node and peti editing such as: 


adding and moving nodes 


deleting nodes to simplify paths 


using Bezier handles 


align and distribute nodes. 


I can convert bitmap image: into editable vector shapes. 


I can know and understa::¢ the advantages and disadvantages of converting a bitmap image into an editable 
vector shape. 


I can create a bit‘uov image using selection tools to select parts of 2 bitmap image such as lasso, magic wand, 
colour select tcois. 


I can adjusi cciour levels in a bitmap image such as brightness, contrast, colour balance, shadows, highlights, 
convert to greyscale. 


I can use tools/filters to alter parts of a bitmap image, such as distort, clone, blue, sharpen and red 
eye removal. 


lL Tean resize an image/canvas. 
__' lcan know and understand lossy and lossle:s compression. 
I can know how to change the colour ¢2pth and resolution of an image. 


I can know and understand the effects of different methods of compression on images. 


I can select font style (face, size, kerning, letter spacing and line spacing). 


I can fit text to path or shape (aligning text along a line or around a shape). 


I can set text in a shape. 


I can convert text to curves (convert fonts into editable vector shapes) 
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LEARNING INTENTIONS © 


Bv ihe end of this chapter, you will be able to: 


e create an animation (stop motion and key frame) that meets the requirements of its intended application 
and audience 


e configure the stage/frame/canvas for an animation 
e import and create Vector objects 

e control object properties 

e use Inbetweening l Tweening’) tools 

e set paths 

e use layers 

e apply masks 

e control animations. 

You will also be able to know and understand: 

e the basic principles of animation 

e the different animation types aia methods 


e the use of animation variables when creating animations. 
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BEFORE YOU STAR® 


e Do you know what an animation is? 


e Have you had experience of creating graphics, both vecior and bitmap? 


e Are you able to manipulate these types of graphics in software? 


Introduction 


In this chapter you will learn about animation and how 
to use the animation software Adobe Animate. You 

will learn about different types of animations, and the 
components of an animation. There are tasks for you to 
try to explore the skills in the chapter, and to create your 
own animations. 


animation: a series of images that are played 
one after another to simulate movement 


19.1 Types of animation 


There are many forms of animation, and you have 
probably seen a lot of them without knowing there was 
any difference. 


Cel (celluloid) animation was the first to be developed. 
This involves individually drawn frames (individual 
images), often drawn by hand. Each image is ona 
separate medium (for example a piece of paper), with 
the outlines drawn and then filled in with colour. By 
taking a photograph of each cel one at a time, when the 
images are viewed quickly it appears as animation. The 
original animations were made using cel animation, with 
thousands (if not millions) of individual frames. 


Figure 19.1: Individual frames. 


So 
430 X 


The basic principle of all animations is a series of 
individual images that are shown rapidly, one after 
the other. 


Stop motion animation is where you use objects of other 
physical materials and take photographs of them in 
different positions. By making small changes to the 
positions of the objects, and taking a photograph each 
time, the images can then be viewed as an animation. 
Films and TV programs were often made using this 
technique. 


v 


cel animation: (also called cell animation) where 
individual images are drawn on separate pages 
then photographed, one frame at a time 


stop motion animation: photographs are taken 
of objects; the objects are moved slightly each 
time and the photographs combined to create 
the animation 


object: an image, or combination of images, that 
is manipulated as one item 


Figure 19.2: Stop motion animation. 
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Time lapse is a form of photography, where a camera is 
set up and automatically takes a photograph at set-time 
intervals, for example, once a minute. The photographs 
are then shown in sequence to create an animation of 
what has happened. It is often used for events that take 
a long time, for example a plant growing. 
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Figure 19.3: Time-lapse photography. 


A flip book animation is similar to a cel animation in 
that each frame is drawn individually, and usually by 
hand. In a flip book, the images are drawn in a book, 
each frame on a new page. The pages are then fiipped by 
hand very quickly, so that the images appear to move. 


CGI stands for Computer Generated Imagery. This 
refers to any images, whether still or moving, that 

are created using a computer. This could be 2D (two 
dimensional) where the images are drawn on the x and y 
axis without any depth. They are usually cartoons which 
are created by a computer and not by hand. 


time lapse: a camera automatically takes a 
photograph every set period (for example, 
once a minute) and these are combined to 
create a film 


flip book animation: each page of a book that 
has a different image drawn on; when flicked 


through they create an animation 


CGI: an abbreviation of computer generated 
imagery; any image (still or moving) that is 
created using a computer 


2D (two dimensional): only on the x and y axis, 
for example, a traditional cartoon 


3D (three dimensional): has an x, y and z axis 


CGI can also be 3D (three dimensional). When most 
people say, or hear, CGI, they automatically think about 
3D animations. 


Figure 19.4: Flip book animation. 


A 


Figure 19.5: Computer-Generated Imagery (CGI). 
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Both 2D and 3D CGI can be animated. 


Figure 19.7: Frames showing a puffin landing. 


Figure 19.6: 3D animation. 


19.2 Stage 


Quest IONS The area in animation software where you draw and 


4° ‘Deschbescthohimations create your animation is called the stage. 

2 What is a ume lapse animation? 

3 How do you create a stop frame animation? KEY WORD 

3 y tie oS pie siete K stage: the area where the animation takes place; 
{nage ma book, and then changing the mages to be within the animation, the object must be 

5 What does CGI stand for? on the stage 

Fra me When you open Adobe Animate you will get a white 

Take a blank notepad and draw a shape in the bottom rectangle. This is the stage. Whatever you want to 

right-hand corner, then draw the same shape but in a appear in the animation must be in this stage. 


slightly different position on the next page. Repeat this 
on a number of pages. You can then create a flip book 
animation (see Figure 19.4). 


The size of this stage is measured in pixels. You can 
change the size of the stage to meet your needs by 
increasing or decreasing the number of pixels in the 
Each of these pages, or individual images, is called a width and height. 

frame. A computer animation is made up of a series of 
frames, which are played very quickly to give the illusion 
of movement. In reality, it is simply a sequence of 


To change the stage size in Adobe Animate, click 
Modify and then Document. 


individual images. Figure 19.7 shows a series of frames You can then change the width and height in stage 
for a puffin landing. size. The drop-down menu lets you change from pixels 
to centimetres or inches, depending on which you 


want to use. 


KEY WORD 


frame: one screen, or page, where an image is 
drawn; a series of these frames are played one 
after the other to create the animation 
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Figure 19.8: Changing size of the stage. 


The stage has a set of x- and y-coordinates that you can The top-left corner has the coordinates (0, 0) and these 
use to position objects with more accuracy. then increase as you move down and across the image. 
In Figure 19.9, the ruler is visible at the top and left 

of the screen; this gives you the coordinates. This blue 
rectangle starts at x-position 0 (the left-hand edge) and 
its width is 313 (this is how far to the right the rectangle 
goes). Its x also starts at position y (the top edge) and its 
height goes down to 163. 


KEY WORD 


coordinates: the position (x and y) of an object 
on the stage 
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Figure 19.9: Position and size options. 


When you select Modify and Document, you can also 
change the colour of the stage by clicking the Stage 
color box. 


This will bring up a range of colours. Click the sphere 
in the top right to access even more colours, or you can 
type the colour code directly into the box. 
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Figure 19.10: Colour options. 
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The aspect ratio is the width and height of the stage. 
There are standard ratios depending on what you 
want to use the animation for. For example, if you 
are producing a film for widescreen televisions, you 
don’t want the animation to be in a small square in 
the centre. 


Common aspect ratios are shown in Table 19.1. 


You need to consider where your animation is most 
likely to be viewed and when setting up your stage you 
must decide on the aspect ratio. 


Adobe Animate helps you when you start a new 
document, by giving you some common options to 
choose from. 
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This is called standard. It is what old televisions used so is rarely used now. 
It is 4 units wide to 3 units high. It could be 2000 pixels wide by 1500 pixels high. 


This is the ratio that is currently most widely used for TV. It is also commonly used in computer 
monitors and laptops, for consistency with television. 


It is 16 units wide to 9 units high. 


This is widescreen and used for films. 
It is 2.35 units wide to 1 unit high. 


Most modern mobile phones. 


It is 16 units wide to 10 units high. 


Table 19.1: Common aspect ratios. 


Figure 19.11: Common start options. 
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The stage has several features that can help you to lay 
out your animation. 


can be turned on, and off. Click View from the 
top menu and then click Rulers. 


The option displays a grid on the background of 
the stage. This can help you align objects to the same 
gridline. To turn the grid on or off, click view from the 
top menu, then Grid and then Show Gria. 


There are options you can edit in the grid. By selecting 
Edit Grid, this brings up the menu. From here you 
can choose to display the grid over the objects instead 
of behind (the grid does not appear on the final 
animation). 
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There is the option Snap to grid. This will 
make sure al! objects align to one of the grid lines. 


a tool that lets you see the position of 
items on the screen, and helps you draw them to 
the correct size 


a tool that displays a grid on the 
background of the screen to help with alignment 


a feature that will predict where you 
want objects placing, by aligning them to other 
objects, images or gricllines 


You can also change the space between the grid lines. 
Here this is 1] grid line every 10 pixels, but you can 
increase, or decrease it. 
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Figure 19.12: Grid options. 
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There are other snapping options, accessed from the 
View menu. These allow Adobe Animate to align 
objects automatically to: 


e display lines from the object to let you line it up 
with other elements, using the option Snap Align 


e other objects, using Snap to Objects 


e specific pixels or lines of pixels, using Snap 

to Pixels. 
You can add guides to your stage. Guides are lines that 
you can position to help you line up your objecis. Turn 


on guides by selecting View from the top menu, then 
select Guides and then Show Guides. 
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Figure 19.13: Positioning guides. 


guides: lines that you can drag on the stage to 
help you position objects 


The lines are then dragged down from the top of the 
screen as shown by the green arrows. The red lines 
are the guides that then appear. You can change the 
colour of these by choosing Edit Guides from the 
Guides menu. 


Questions 
6 What isa frame in animation? 


Describe what a ratio of 4:3 means and when 
is it used. 


NI 


8 Name two other common ratios and when 
they are used. 


9 Explain the purpose of rulers, grids and guides. 
10 Explain the advantage(s) of using snapping. 


19.3 Importing and 
creating Vector objects 


Vector graphics are stored as points (or coordinates) and 
equations that are used to calculate the position, colour, 
and so on, of the image. There is much more about 
vector graphics in Chapter 18: Graphics Creation. 
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Drawing an image 


The side toolbar has a range of shapes you can use to line colours, size, style, and so on, before drawing the 
create vector graphics. Clicking one of these brings up shape (or line) on screen. The black arrow lets you 
its Properties menu, where you can select fill colours, select items. 


Figure 19.14: Properties options. 


The Line and Fill options are accessed by clicking them independently. 


Figure 19.15: Line and fill options. 
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The menu to choose the colour from will then appear. 
Select the colour from the block. 


Clicking on the sphere will show you a wider 
range of colours. 


The lack of transparency of an object or a piece of text 
can be changed. In the software this may be referred 


Se ed HPR TEn oorr wai RG) we 


Te i 


ie eee ES a 


Figure 19.16: Opacity (Alona %). 


19 Animation 


to as the opacity or the alpha style. This is measured 
as a perceniage. For example, 0% will have a fully 
transparent, invisible image. At 100%, the image is 
fully visible. 


The visibility of an object can be set when it is created, 
and it can also be manipulated during an animation to 
make objects appear and disappear. 


To change the opacity of an image, select its properties 
and go into its fill options. Here you can change the 
percentage of the opacity. 


ere 


When you have selected a drawing tool, for example the 
paint brush tooi, you have some additional properties to 
choose from. 


The Stroke option is the size of the line you will 
draw. There are a range of styles that produce different 
patterns. There is only a line colour option, and no fill. 
This is because these tools only draw lines; they do not 
draw shapes to fill. 
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Figure 19.17: Fill and stroke options. 


Yo change an image you can it. Use the 

selection tool to select the object you want to change 

(hold down shift and click to select more than one changing the dimensions, rotation, 
element). Right click the item, select Transform and colour fill, opacity, etc. of an object over a certain 
then Free Transform. This allows you to change the number of frames between two key frames 


size of the object, rotate it, change its centre point (so 

you can rotate it from a different point). These can be 

accessed independently from ihe Transform menu. You can manually adjust the size, rotation (orientation), 
skew, and so on, by selecting the Transform menu from 
the properties window and entering the rotation, or size 
transformation required. 
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Figure 19.18: Transforming options. 
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Questions 


11 Describe vector graphics. 
12 What is the difference between line and fill colours? 


13 Which option do you select to rotate a shape 
or object? 


A is one element that you have given a name. 
This allows you to perform motion and 

inbetweening techniques on the symbols. If you select 
multiple items and convert them into one symbol, then 
they will become grouped together. 


To convert a selection to a symbol, use the selection 
tool to right click the item. Then choose Convert 
to Symbol. 


A new window will open. You need to give your new 
symbol a sensible name (something that describes it) 
because you might have hundreds of symbols and you 
need to be able to tell them apart. 


The symbol now appears in the . This is a record 
of all the symbols you have in your document. You 

can create a new instance of a symbol by dragging its 
name onto the stage. You could have 20 of the same 
symbol, and animate them separately. However, if you 
change the structure of one of the symbols, the rest will 
also change. 


a component, for example, an image, 
of an animation that has a name and is put in 
the library; multiple copies of the object can 
be created 


another term for shape tweening; one 
image changes into another image 


a place that stores a list of images and 
objects/symbols in an animation 
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Figure 19.19: Naming a symbol. 


importing an image 


You can import a pre-existing image into the library, 
or onto your stage (that is not as a symbo!) for your 
animation, for example a photograph. 


To import an image, click File from the top menu, then 
Import and either Import to Stage or Import to 
Library. Find your image and click Open to import it. 


Bitmaps cannot be animated like vector graphics can 
be, because they are not made of coordinates and 
calculations that can be amended. A second problem 
with bitmap images is that when you enlarge them, they 
might pixelate. To try and prevent this you can try and 
convert the bitmap image into a vector graphic. This is 
called tracing bitmaps. 


A disadvantage of exporting to a vector graphic is 
that you will lose some of the detail. If the image 
is a photograph then it might not appear exactly as 
the original. It will also not be able to be edited in 
the same way, for example using the bitmap image 
manipulation tools. 


KEY WORD 


tracing bitmap: a way of converting a bitmap 
image into a vector graphic 


First put the bitmap image from the library onto the 
stage by dragging it. 
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Figure 19.20: Getting an image from the library. 
With the symbol selected, select Modify from the top 
menu, and then Bitmap, then Trace Bitmap 


The lower the colour threshold, the more accurate it 
will be. Adobe Animate will usually give you the most 


| Trace Bitmap 
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Figure 19.21: Bitmap manipulation options. 
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appropriate threshold automatically. Click OK and then 
your bitmap will be turned into a vector. You can select 
just some sections of the image and manipulate them 
independently. 
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Text 


Text can be added to the stage using the text tool which 
lets you edit the style, size and colour. Text is treated in 
the same way as objects, so you can use layers, tweens, 
change the opacity and manipulate text in the same way. 


To add text, click the T on the toolbar, then on the 
screen where you want the text to appear. 
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Figure 19.22: Text too! button. 


KEY WORDS 


layer: an object or image given its own timeline 
for independent manipulation 


tween: (inbetweening) an animation where 
the start and end points are set; the computer 
generates the actual images to make the 
animation change 


TE Be 


Click Properties to change the font name, size, colour, and so on. 
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Figure 19.23: Text properties options. 
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Questions 


14 Why do you have to change a shape to a symbol? 
15 Why can’t bitmap images be used in inbetweening? 


19.4 Layers 


An animation is made up of layers which each has its 
own set of frames that you animate independently. By 
using layers, you cen independently manipulate different 
parts of an image, otherwise you would be manipulating 
the entire image, in the same way, every time. 


Think about a stick person that you want to make walk. 
The elements that need to be separate would be: 


e left arm e = right leg 
e = right arm e head 
e leftleg e body. 


You might even need to split some of these down 
further, for example ‘left arm’ may need to be ‘upper 
left arm’, and ‘lower left arm’. It aii depends on how 
detailed your animation is going to be. 


Each layer is shown on the left of the timeline. Each 
layer must have an appropriate and descriptive name, for 
example if it stores the left arm, then name it left arm. 


KEY WORD ~ OS 


timeline: the place that controls the order 


the frames are run, the positioning of the 
layers, and so on 


To create a new layer, click Insert and then Timeline, 
then Layer. To change its name, double click the layer 
name beside the timeline and enter your name. The 
name cannot have any spaces in it, so multiple words 
can be separated by a symbol, for example, arm-Layer. 


You can even create folders for your layers. Complex 
animations may have hundreds of layers, so you can 
keep some of them together. Consider the stick person 
you are trying to make walk. You could make a folder 
called ‘stick_person’ and put all the layers for that 
person in the folder. Then they are all kept together, 

so you don’t mix them up with other parts of the 
animation. 
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To create a folder, when you click Insert, then If two shapes are in the same layer, then they can delete 
Timeline, select Layer Folder. Use your left mouse each other. For example, in Figure 19.24, the two shapes 
button to drag layers into the folder, and double click its are in the same layer. 


name to rename it. 


Figure 19.24: Shapes in the same layer. 


If they are moved so the blue oval is over the green rectangle, the part of the rectangle covered is deleted. 
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Figure 19.25: Oval shape overlapping rectangle in same layer. 
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Figure 19.26: Part of rectangle in same layer deleted. 


Layers also allow you to order objects. The item(s) in the In Figure 19.27, the layer “blue_oval’ is at the top, and 
highest layer in the timeline are in front of all the others. on the stage it appears in front of the green rectangle. 
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Figure 19.27: Blue oval in own layer overlapping the rectangle. 


447 Y 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


Figure 19.28: Order of layers swapped so that there is no deletion of part of the rectangle. 


Timeline 


A timeline is made up of frames, in chronological order 
from left to right. Each rectangle is one frame. In Adobe 
Animate every 5 is numbered. 


1 Create a stick person, with each part of the 
stick person in its own layer. Put the stick 
person into a folder. Save the program as 
stickperson to use later. A completely grey rectangle is a frame. A rectangle with 

a circle in is a keyframe (which you will learn about in 

the next section). When you create inbetween animations 

some of these frames could turn green or blue. 


2 Draw an underwater scene with rocks, 
seaweed, background fish, and so on. Make 
sure each component part has its own layer. 
Save tne program as underwaterScene to 
use later. | 


3 Write your name, with each letter in its own 
layer. Save the program as myName to 


| use later. 


NO O O 
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Figure 19.29: Timelines. 


If there is no rectangle for a layer in a specific frame Whereas “green_rectangle’ has frames up to frame 15. 
(for example frame 30), then the items in that frame This means on the current frame selected (frame 15 as 
do not exist when that frame runs. So, in Figure 19.30, shown by the red rectangle on the number 15), only the 
“biue_oval’ does not have a frame beyond frame 19 ‘green_rectangle’ is visible. 
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Figure 19.30: Green rectangle timeline. 


Key frame > KEY WORDS 


A key rame identifies a change in an image. These 


, key frame: a location on a timeline which marks 
changes are represented by a e in the frame. 


a frame that has a change in the animation, for 
example, a drawing has changed, or the start or 
end of a tween 
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Figure 19.31: Key frame dots. 


For example, ‘green_rectangle’ is in one position in To add frames and keyframes, you need to right click 
frame 1. It then changes in frame 2, and frame 3; it then the frame where you want to add a frame or keyframe, 
does not change again. “blue_oval’ is created in frame 1; then choose Insert Frame (or Insert Keyframe) 

it does not change then until frame 10. from the menu. 
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Reopen the file stickperson. Create an 
animation with your stick person. Make them 
walk across the screen. Challenge yourself 
and make them perform other actions such 
as jumping, running and dancing. You could 
introduce a second person by copying 

your folder of layers and animating them 
separately. 


2 Reopen the file underwaterScene. Add a 
fish to your underwater scene. Make the fish 
swim around the underwater scene using 
keyframes. Add bubbles coming from the 
fish that slowly rise to the surface. 


3 Reopen the file myName. Create an 
animation, using frames and keyframes, to 
make your name appear letter by letter. 


4 Create an animation to make a flower grow. 
Start with a seed and then make roots and a 
stem grow from the seed, before eventually 
it becomes a flower. 
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Figure 19.32: Path for adding frames. 
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Timings and frame rate 


A common misconception is that a frame represents 

a second, so that if there are ten frames, this takes ten 
seconds. This is not the case. The timing is measured 

in frames per second (fps), which can be changed, for 
example, 10 fps means that ten frames will be run each 
second. If you have 200 frames, the animation will last 
20 seconds. The higher the fps rate, the quicker the 
frames change and the smoother the animation appears. 


When designing an animation, you need to consider the 
fps, as this will affect the number of frames you need, 
and the extent to which you change the images in each 
frame. If you need an item to stay static for a set time, 
then it can be given frames (not key frames) where it 
exists but does not change. When it needs to change or 
move, a key frame is then added. 


You can change the frame rate by entering a different 
number of frames above the timeline. 


priar, on, r 
Pr Tdi r 


ato Ee rat 


450 » 


Copyright Material - Review Only - Not for Redistribution 


Questions 


16 What is a layer? 
17 Why are layers used in animation? 


18 What effect will increasing the frame rate have on 
an animation? 


Inbetween animation 


An animation created solely with frames and key 
frames can be quite robotic, unless you made very small 
changes in each keyframe, but this is time consuming. 
By inserting an inbetween animation (a tween), the 
computer will generate the animation for you (it fills 

in the spaces inbetween your frames). For example, if 
you want to move a drawing of a fish across the screen, 
you can set the start location (A), the end location (B) 
and then the computer will work out how to get the fish 
from A to B. 


19 Animation 


When applying a tween to a layer, it will affect every 
item in that layer. It is important to make sure that each 
individual item has its own layer. 


There are two types of tween you can use, motion and 
shape (or morphing). 


Motion tween 


A motion tween only deals with the movement of an 
object, for example moving from one place to another, 
and rotation. If you use key frames, you have to position 
the object in each frame. Using a motion tween, the 
computer fills in the gaps in movement. 


The item you tween needs to be set as a symbol before 
you start moving it. 


To create a motion tween in Adobe Animate, create the 
first keyframe with the symbol where you want it to 
start, and frames up to the point where you want the 
tween to end. 
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Figure 19.33: Starting a motion tween. 


Then right click the frames you have added and select 
Create Motion Tween. 
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Insert a keyframe in the frame where you want the 
animation to end, and then with this frame selected, 
move the object to the position where you want it to be. 
You can also rotate it if required. 
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Figure 19.24: End of motion tween. 


RKED EXAMPLE 19.01 


Create an animation where a red circle moves to each corner of the screen using inbetweening. 


First rename the layer ‘redcircle’, choose the line colour red and fill colour red, then draw the circle. 


Figure 19.35: Rename the layer. 
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Convert the red circle to a symbol with a sensible name. 
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Figure 19.36: Convert the red circle to a symbol. 


Add frames to frame 15, and then Create Motion Tween. 


Figure 19.37: Add frames. 
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Figure 19.38: Add a key frame. 


Add a keyframe on frame 15, and move the circle to the top right corner of the screen. 


Repeat for all four corners. 


——— 


PRACTICAL ACTIVITY 19.03 


1 


Create a ball and make it move around 
the screen. 


Create a car animation where the car 
appears on screen and drives around a track 
that is drawn on the background using a 
motion tween. Save the file as carAnimation 


Use a motion tween to create an animation 
of each letter of your name flying onto the 
screen one by one, eventually displaying 
your full name. 


Add more fish to the file underwaterScene 
that you created earlier. Make each one 
move using a motion tween. Add a bubble 
for each fish and use a motion tween to 
make the bubbles float to the surface. 


19.5 Paths 


You can draw a path for a symbol to follow, and set a 
motion tween to follow this path. 


To do this, first add the keyframe where you want the 
path to start, and another where you want it to end. 


Right click and select Create Classic Tween. 
This will turn the frames blue and they will have an 
arrow in them. 


Right click the layer and select Add Classic 
Motion Guide. 


Use the drawing tools to draw the path, for example 
using a paint brush. 
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Figure 19.39: Drawing a path. 


Select the first keyframe and drag the object so its centre so its centre locks onto the end of the path. That will 
(the circle that appears) locks onto the start of your create your motion path tween. 
path. Then select the last keyframe and drag the object 


Figure 19.40: Creating motion path. 
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PRACTICAL ACTIVI® 


path to make the car move around the track. 


Morphing (shape, size and 
colour) 


Morphing allows a shape to be changed into a new 
shape, for example, a small, red square could be turned 
into a large, blue circle. The computer generates each 
step of the transformation for you. 


A shape tween can also include movement. The shape 
will change while it moves. 


In Adobe Animate, a shape tween cannot take place on 
a symbol (or object) such as a shape. This is because 
the symbol is in the library and it cannot be changed 
by a shape tween. To create the shape tween, draw your 


a 
WORKED EXAMPLE 19.02 


Figure 19.41: Line drawn on stage. 


1 Create a rec! ball. Draw a path for the red ball to follow and animate it so it follows the path. 
Add a second ball with a new path, and animate it to follow that path. 


Open the file carAnimation that you created earlier. Make the road include a number of bends. Draw a 


4 Open the file underwaterScene that you created earlier. Add an octopus to your underwater scene. 
Draw a path for the octopus to follow arid animate it. 


shape, image, line, and so on, and do not convert it to a 
symbol. However, it all still needs to be in the same layer 
so that other elements are not affected. 


Add your image in the keyframe where you want your 
shape tween to start. Add frames to where you want it to 
finish, in the same way you would with a motion tween. 
This time, right click and select Create Shape Tween. 


Right click in the frame where you want the tween to 
finish and then select Insert Keyframe. 


With the new keyframe selected, either change the 
colour, shape or size of the image. Or, delete the 
contents of the frame, and draw a new image. 


Create an animation where a black line turns into a blue circle, then a red rectangle, then back to a line. 


First create a new file and add a layer with the name shape. Draw the line on the stage. 


456 Y 


Copyright Material - Review Only - Not for Redistribution 


Add frames, then right click and select Create Motion Tween. Right click on the last frame and create a keyframe. 


Delete the line in this keyframe and draw a blue circle. 


Figure 19.42: Blue circle in the last key frame. 


Repeat the process this time drawing a red rectangle. 


Figure 19.43: Red rectangle in the last key frame. 


Repeat again but this time copy the line from frame 1 and paste it into your new keyframe. 


Nn E) 


Copyright Material - Review Only - Not for Redistribution 


> CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


1 Create a shape tween that changes a red circle into a blue square. 
2 Create a shape tween that changes a rain cloud into a sun. 
3 Draw a scene that shows the changes during a year, for example a river and forest showing 
a lush, green, sunny days 
b leaves changing to red and orange and falling 
c a frozen river with barren trees 
d new growth emerging. 


4 Open the file underwaterScene. Make the bubbles change shape, for example, get smaller as they 
move to the surface. 


5 Open the file myNaime. Make each letter of your name morph into the next letter. 


| the symbol move at different speeds. In Adobe Animate 
AGA J 1 
Pro perty keyf rames turn on roving keyframes to stop this. 


Property keyframes allow you to even out the keyframes 
in a tween. For example, if you copy a tween the 
keyframes may not be evenly spaced and this will make 


For example, in this tween the orange dots show the 
keyframe changes. They are not evenly spaced. 
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Figure 19.44: Key frames uneven spacing. 
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To change this, right click the tween in the timeline, Viewin ga nd controlli ng 
select Motion Path and then Switch keyframes to ‘ : 
roving. This will even out the spacings. animations 


To test-run the animation, click Enter on the keyboard, 
or click the play symbol above the timeline. There are 
other controls here too, such as stepping that lets you 
move the animation through one frame at a time. 


Figure 19.45: Animation play symbols. 
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To watch the video on loop, select the Loop option above the timeline. 


FRE Ta wae srs Giap mikey 
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Figure 19.46: Animation loop option. 


Then drag the grey box over the frames that you want to loop. 


The Sores Pin Resi) Ter -nri | 


Figure 19.47: Selection of frames to be looped. 
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To stop the animation when it is playing, click the play 
button. This then becomes the pause symbol. 


To view the animation !ooping continually in a separate mask: a layer that involves shapes, or other 
window, hold down Cont rol and click Enter. components, that restrict what can be seen of 
the other layers 


Right click the layer you want to become a mask, and 
A mask can make it so that only certain parts of an select Mask. The layer beneath automatically becomes a 
image are visible. In Adobe Animate, masks are added sub-layer of the mask. 


ebeit ow layers Draw the shape that you want the mask to be in the 


first layer. 


AN > 
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Figure 19.43: Mask shape. 
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Click the padlock to lock this iayer. You will then be able to view the image through the masked area. 


Kg Tet Commence Sone Daeg richie (2 j 
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Figure 19.49: Mask padlock. 


You can animate a mask as you would an ordinary normally. Add the tween, add the keyframe, and move 
symbol. Remove the padlock to unlock the layer, and the symbol. 
then add a motion tween in the same way you would 


9 ag ns, 


Figure 19.50: Adding motion tween to a mask. 
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1906 


PRACTICAL ACTIVITA 


1 Create an animated introduction to a TV show 
or film. Make sure you include images of the 
main characters and text introducing the title. 
Make use of opacity and tweens. 


2 Extend your underwater scene to include a 
range of sea life. Animate the background and 
plants to create a continuous, repeating scene. 


| 3 Create an animated cartoon that shows a day 
in the life of cartoon’s central character. Use a 
range of techniques, including some key frame 
animation and tweens. 


4 Choose your favourite TV show. Create a 
new show-intro to this show, using a range of 
animation techniques. 


5 Create an animation about your school to 
advertise it to prospective students. Include a 
range of images trom the school as well as your 
own vector graphics. 


Questions 

19 What is the difference between a frame and 
a keyframe? 

20 What is the difference between a motion tween and 
a shape tween? 


21 Explain why inbetweening produces smoother 
animations than frame-by-frame animations. 


22 Describe the purpose of a mask and give an 
example of how it can be used. 


Exporting 


Once you have created your animation you will need to 
export it to a file tormat for use in other formats. 


Click File from the top menu, then Export. 


There are several export options to choose from. 


We 


This creates one image file for every 
frame in your animation. 


Movie You can create an .swf file, which is a 


Flash file commonly used in websites, 
although this is being phased out of use. 


Video You can create a video through Adobe 

Media Encoder, or convert to a .mov file. 
Animated | This will create an animated .gif file that 
GIF you can integrate into a website. 


Table 19.2: Animation export options. 


PRACTICARACTIVITY 19.07 


Export your finished animations into an 
appropriate format. When you have developed 
your web development skill, use them to create a 
website to display your animations. 


19.7 Animation variables 


A variable is something that can change. In animation, 
this can have many different forms. 


Variables can be items that you change as the animator. 
For example, the graphical elements that you have within 
the animation. Each one of these can be manipulated 
and changed during the animation. These are primary 
variables because they are the most important. They are 
the fundamental basis of the animation. 


Animations have other elements, known as secondary 
variables. These might be sound or other components 
that are in the background. The rippling of water 
behind the objects is secondary, or the movement of 
clothing as a person walks, and the movement of trees in 
the wind. They are not the focal point of the animation 
but they are animated. 


primary variable: the foremost parts of the 
animation, that is, the graphic components 


secondary variabie: the background elements of 
the animation, for example moving water/trees 
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Variables can also be used to control, or manipulate, 
parts of an animated object. Ín 3D animations, wire 
models are created on the computer of the objects 
being animated. 


Figure 19.51: Wireframe. 


Within these wire models an animation can create hinges 
called avars. By using these avars the position of that 
part of the animated object, or even the animated object 
itself, can be manipulated. For example, you could 
manipulate each part of a finger individually to make it 
move realistically. 


2 
avar: a hinge on a wire-model object that lets 
you manipulate its position 


Which type of animation do you think was the 
most important to be developed, and why? 


How can animations be used to enhance 
interactive documents? Why do they 
enhance them? 


Can animation ever detract from a document? 
How can it do this? Why does it do this? 
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EXAM-STYLE QUESHONS A 


1 Saif owns a smali independent comic shop named Saif’s Comics. 


a Saif wants a short animation that will appear as a banner across the top of his website. 


Creaie an animation to meet the following requirements. 


The aspect ratio must be 2.35:1. 
The background must remain black throughout. 


The name ‘Saif’s’ should appear at the start of the animation, then each letter should fade out 
one at a time, taking | second for each one to fade. 


The word ‘Comics’ should fade in as a whole word, taking 1 second to appear. It should stay 
on screen for 2 seconds, and then rade out one letter at a time (1 second for each fade). 


The words should be in a large white font, taking up the full height of the animation. 
The animation must be set to loop. 
All animations must ve smooth. 


e The animation must be exported in a suitable format for use on a website. [13] 

b Describe the differences and similarities between cel animation, stop motion animation, and 
time-lapse animation. [3] 
[Total 16] 


2 Henry owns a property sales business named Henry’s Homes. 


You have been provided with the following file: Henry !ego.jpg 


a Create a short animation to advertise Henry’s property sales business. 


The animation must meet the following requirements. 


The aspect ratio must be 16:9. 

The background should be pale blue. 

The image 19.1 Henry logo.jpg should be on the left-hand side of the animation. It should 
start small and then increase in size, before decreasing again. This should repeat throughout 
the animation. 

A white ball should come in from the left to the right, revealing the sentcice ‘We take pride 
in selling your property’ for example, 


it oroher ts 


Figure 19.52: Revealing text. 
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CONTINUED , AO a, 
e When the ball disappears off the left-hand side of the anunation, it should stay off for 1.5 seconds. 


e When ii returns, it should move from left to right. It snould display the text “No sale, no fee’ (as a mask) 
as it passes over it before disappearing off to the right, for example, 


sale 


Figure 19.53: Mask. 


e The animation should be set to loop. 
e All animations must be smooth. 
e Animation should be exported in a suitable format for viewing on a computer. 
[19] 
b Describe what is meant by a frame and a keyframe. [2] 


[Total 21] 
3 Ying needs an animation for her independent film company: Films by Ying. 


FBY 


Figure 19.54: Films by Ying logo. 


Create a short animation for the logo. 

The animation must meet the following requirements. 

e The screen ratio shouid be 16:10. 

e The background should be white with the green outline already displayed. 

e The letters should bounce in from the left. The Y should appear ‘irst, then the B, then the F. 
e When all the letters are on screen they should remain for 2 seconds, and then fade out. 

e The aniraation should loop. 

All animations should be smooth. 


The iile should be exported as an animation gif. 
[12] 
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I can configure the stage/frame/canvas for an animation by: 


setting colour, size, aspect ratio 


using rulers, guides and grid settings 


setting snapping options. 


T can import and create Vector objects inclucing: 


tracing bitmaps 


adding text. 


I can control object properties including: 


stroke and fill settings 


size position and orientation 


transparency. 


I can use inbetwecniug (‘tweening’) tools including: 


show mctica 


show shape, size and colour changes. 


I can sci paths for animation to follow. 


T can use layers. 


{ can apply masks. 


I can control animations by: 


adjusting frame rates 


looping or stopping animations. 


I can know and understand che basic principles of animation including: 


frames, key frames, property keyframes, timings, coordinates 


inbetweening axa rae effect it creates 


morphing aud the effect it creates. 


Ic 


an knov and understand different animation types and methods including: 


Ic 


_ 


cell autmation, stop motion, time lapse, flip book, CGI, 2D, 3D. 
ail know and understand the use of animation v1ii:.bles when creating animations including: 
primary, for example graphical elements 


secondary, for example sound, comp^rents of animation 


the use of animation variables to ccutrol the position of an animated object or parts of an 
animated object. 
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LEARNING INTENTIONS IN Q 


By the end of this chapter, you wiil be able to: 
e use JavaScript to: 
e add interactivity to web pages 
e change HT VL content 
e change HTML styles 
e — show,/ Hide HTML elements 
e display data in different ways 
e react to common HTML events 
e provide user interaction 
e use correct syntax to: 
e create statements 
e use JavaScript loops for iterative methods 
e create functions 
e use JavaScript timing events 
e add comments to ennotate and explain code 
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Fsi 


Do you know how web pages are constructed using HTML code? 


20 Programming for the web 


Are you able to read and use HTML tags to create and edit web pages? 


Do you have experience of CSS (Cascading Style Sheet) and know how this is used to set the style, or 


presentation, of a website? 


Introduction 


In this chapter you will learn how to use JavaScript to 
enhance and add user interactivity to websites. When 
you access websites, you are interacting with them by 
clicking buttons, entering data and selecting from sets of 
options. This is often done using the scripting language 
JavaScript. JavaScript is written within the HTML code 
of a web page and the HTML code then calls this code. 
JavaScript can then be integrated with other languages 
such as PHP to allow your website to communicate 
with a database, but that is beyond the scope of this 
specification. JavaScript is useful to learn because you 
add additional content to your web pages to make them 
perform more actions and engage the user. 


It is important that you understand how websites are 
developed, because this wili allow you to edit and create 
your own websites, and give you more control over the 
content because you understand how it works and how 
the data can be manipulated. This can also be helpful 
when things go wrong, because when you understand 
what is happening in the scripts you have a better chance 
of finding the problem and fixing it. 


20.1 Introduction to 
JavaScript 


JavaScript uses keywords. These are words that you must 
use to tell the web page what to do. 


JavaScript can be added to an HTML document. It is 
recognised by starting and ending the JavaScript code 
with a script tag. For example: 
<script> 
Your JavaScript code would go here 
</script> 
This can be part of a web page. For example here is an 
alert box within an HTML web page: 
<HTML> 
<BODY> 
This is my first web page 
<SCRIPT> 
alert("Hello World"); 
</SCRIPT> 
</BODY> 
</HTML> 
As soon as this web page opens, a pop-up box will 
appear saying "Hello World". 


The code does not need to be indented as it is in this 
example, but the indenting does make the code easier 
to read. You can see where you have opened and closed 
your tags so you don’t accidentally miss any. alert is 
one of the keywords. 
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20.2 Outputting data 


document.write 
The code document . write (theOutput) will output the 
text inside the brackets to the web page. For example: 


<stript> 
document .write("Hello world"); 


</script> 


This will display “Hello world” in the web page. 


WORKED EXAMPLE 20.01 


Create a web page that displays the title: My First 
JavaScript Web Page, at the top of the page. 


First, put your basic HTML tags into the file you are 
using to create the website. 

<HTML> 

<BODY> 


</BODY> 
</HTML> 


Inside the body tags, put your JavaScript tags 


<HTML> 
<BODY> 
<SCRIPT> 
</SCRIPT> 
</BODY> 
</HTML> 


Inside the JavaScript tags write your code to output 
My First JavaScript Web Page. 
<HTML> 
<BODY> 
<SCRIPT> 


document .write ("My First JavaScript 
Web Page"); 


</SCRIPT> 
</BODY> 
</HTML> 


Notice that the text inside the brackets is in speech 
marks; this is because it is a string (Section 20.6 
Variables and operators/Data types). If there aren’t 
speech marks there, then the website tries to run the 
command My, then the command First and so on, 
which is meaningless. 


Open your file in a web browser to see the result of the 
code. 


string: a data type: data is stored as text which 
can be characters, numbers and symbols 


data type: the type of data being stored, for 
example, a number, string (text) 


„innerHTML 


You can name elements within your HTML code. For 
example, you might want to name the first paragraph in 
your website paragraph: 

<p ID = "paragraphi"s«/p> 


In your script tag, you can instruct JavaScript to add 
the text to the document in the element with the ID 
paragraph1. For example: 


<script> 


document .getElementBylId("paragraph1"). 
innerHTML = "Hello World"; 
</script> 
The first section is always the same: 
document .getElementBylId 


Within the brackets is the name of the element where 
you want the text to appear. 


. innerHTML tells it that you want the text within that 
element. Then there is an equals sign, and the text you 
want to display. 
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WORKED EXAMPLE 2afa? 


Create a web page with two paragraphs and with different text in each paragraph. 
The paragraphs are declared with the IDs paragraphi and paragraph2. 


<HTML> 

<BODY> 
<p id = "paragraphi"></p> 
<p id = "paragraph2"></p> 
<SCRIPT> 
</SCRIPT> 

</BODY> 

</HTML> 


Add one line of code for each paragraph. The first will say: "This is paragraph1" and the second will say "and 
this is my second". 


<HTML> 
<BODY> 
<p id = "paragraph1"></p> 
<p id = "paragraph2"></p> 
<SCRIPT> 
document .getElementById("paragraphi").innerHTML = "This is paragraphl"; 
document .getElementById("paragraph2").innerHTML = " and this is my second"; 
</SCRIPT> 
</BODY> 
</HTML> 


Run it in your web browser and see what happens. 


PRACTICAL ACTIVITY 20.01, Tinea papin bex 
Open file 20.01.html. 
Create two paragraphs on the webpage. C] 


Use Javascript to write your first name to the first 
paragraph, and your last name to the second 
paragraph. 


Figure 20.1: A pop-up box. 


There are three types of pop-up box: Alert, Confirm 


and Prompt. 
20.3 P b 
.3 Pop-up boxes | 
Pop-up boxes can be used to display text or information. alert 
They do not write text to the web page; it appears in an You have already seen an alert box; this displays text in a 
extra box on top of the screen. For example, here is an box over the top of a web page. It is usually used to alert 
Alert box, the user of something. In this example, the text "Hello 


World" will be displayed in the alert box. 


alert("Hello World"); 


You might sometimes see an alert with the word window 
in front of it; it is exactly the same result. For example: 


window.alert("Hello World"); 
NG 
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confirm 


A confirm box has two options: 0k and cancel. 
For example, this contirm box will display "ok 
to proceed? 


confirm ("Ok to proceed?"); 


The option chosen by the user is returned as a value that 
can then be used to decide what to do. In this example, 
the value returned is stored in the variable answer (see 
Chapter 4 Algorithms). 


var answer = confirm ("Ok to proceed?"); 


prompt 
A prompt box allows a user to enier some text and gives 
them the option of 0k and cancel. 

prompt("What day is it?") 


If ok is selected, then the text input can be stored 
into a variable. In this example, it will be stored in the 
variable answer. 


var answer = prompt("What day is it?") 


WORKED EXAMPLE 20.0% 


Create a web page that: 


Stari with the alert. 
<HTML> 
<BODY> 
<SCRIPT> 
alert ("Welcome to the website") 
</SCRIPT> 
</BODY> 
</HTML> 


e firstly, displays an alert welcoming you to the website 


Open file 20.02.html. 


First, amend the code to output “Ready to 


continue?”. 


Then use a confirm box to store their response. 
Then output “Let's go”. 


console.log 


Some web browsers allow you to view console mode. 
This is where you can make your webpage record events, 
write messages to, etc. (hat do not actually appear on the 
web page, but appear in a log. It is used for debugging. 


For example, if you are writing a selection statement 
(IF statement), and you want to check if the JavaScript 
has gone into the statement, you can output a unique 
message to the log to confirm the script has run, for 
example output "in IF statement". If that message 
does not appear, then you know where to start looking 
for the error. 


To view console mode open your browser with the web 
page on, and click F12. There will then be a tab with 
console on it. 


console.log("In the JavaScript") 


Change the text in the speech marks to output a 
different message. 


e secondly, asks you to confirm that you want to proceed to the question 
e thirdly, asks a question where you have to type an answer. 


At each stage it should write a log to the console to say what it has done. 
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Add the confirmation using a confirm box. 


<HTML> 
<BODY> 
<SCRIPT> 
alert ("Welcome to the website") 
var confirmed = confirm("Are you sure you want to proceed?") 
</SCRIPT> 
</BODY> 
</HTML> 


This is storing the result in the variable confirmed. You are not going to do anything with this at this stage, but when 
you have learnt how to use selection, you can stop the next question being asked based on the response. 


Add the question. 


<HTML> 
<BODY> 

<SCRIPT> 

alert ("Welcome to the website") 

var confirmed = confirm("Are you sure you want to proceed?" ) 
var userAnswer = prompt("What is 10 + 10?") 

</SCRIPT> 
</BODY> 


</HTML> 


After each of the actions write an appropriate message to the console log. 


<HTML> 
<BODY> 
<SCRIPT> 
alert ("Welcome to the website") 
console.log("Alert") 
var confirmed = contirm("Are you sure you want to proceed?") 
console.log("Confirmation") 
var userAnswer = prompt ("What is 10 + 10?") 
console.log("Question asked") 
</SCRIPT> 
</BODY> 


</HTML> 


Open the website with the console log open and watch what happens. 


DO 
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Create a web page that displays your name 
at the top of the page. 


2 Create 2 web page that outputs a story as a 
series of alert boxes. 


3 Add a console log to tasks 1 and 2 to confirm | 
each box that has been successfully output. 


4 Create a basic text web page using HTML. 
Edit the web page so that each element 
(for example, paragraph) has a name and 
display the text in JavaScript instead. 


Questions 

1 Which keyword(s) wili output a box with 
a message? 

2 Which keyword(s) will write data to the console? 

3 Which keyword(s) will output a new box for a user 
to enter data? 

4 What is the purpose of writing data to the console? 


WORKED EXAMPLE 20.04 


20.4 Changing images 

You can set, or change, an image by using the 
document .getElementById command. Make sure the 
HTML code for your image (or image placeholder) has 
an ID. For example, here there is no image (src is "" 
instead of a filename), and the element is named: 


"firstImage": 
<img sros'" id = “£irstimage"s 


Instead of using . innerHTML there is . src. This is 
because you are not changing the HTML within the 
element, you are changing the filename of the image. 
In this case, the elemeni will display the image with the 
name "ss1.jpg" that is saved in the same folder as the 
web page file. 


document .getElementBylId("firstImage").srce = 
"Ssl.jpa" 


You can access and change other properties of images 
using the same document .getElementById command. 
Change the . src to the property you want to edit. 

For example, this code will set the height and width 

of an image: 


document .getElementById("imagel").height = 
"soo" 


document .getElementBylId("imagel").width = 
"Soo" 


Create a web page with the title My Images, and then two images underneath that are set using JavaScript. 


First set up the structure of the website, the title and the placeholders for the two images with IDs. 


<HTML> 
<BODY> 
<hl>Welcome to my website.</h2> 
en Re 
<img src = "" id = 


<SCRIPT> 


<img src = "imagel"> 


"image2"> 


</SCRIPT> 
</BODY> 
</HTML> 
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Then add the code io the JavaScript to set the images. 


<HTML> 
<BODY> 
<hl>Welcome to my website.</h2> 


<img src = "" id = "imagel"> 
<img src = "" id = "image2"> 
| <SCRIPT> 
document .getElementById("imagel").src = "IMG _1.jpg" 
document .getElementById("image2").srce = "IMG 2.jpg" 
</SCRIPT> 
</BODY> 
</HTML> 


After the name of your element, put the command 
PRACTICAL AC .style and then the name of the style you are trying to 
Open file 20.03.html and edit it to create a change, tor example, .color, or .fontSize. After the 
webpage that displays four images of your egual sign is the value you want to assign to this style. 


favourite animal. Look at the following examples: 
Use JavaScript to display four images of your | 1 This example sets the paragraph with the ID "p1" to 
favourite animal. have red font. 
La O document .getElementById("p1").style.color = 
‘red’; 
PRACTICAL ACTIVITY 20.05 K 2 This example changes the font to xx-large. 
) document.getElementById("p1").style.fontSize 
Change the web page that displays your = "xx-large"; 


name at the top, to include an image of you 


(or something related to you). 3 This example changes the background colour to blue. 


document .getElementById("pi") .style. 

Change your web page that outputs a story backgroundColor = ‘blue’; 

using alert boxes. Each time a new alert 

box appears, change the image that is on Table 20.i has a list of some of the styles you can 
the web page so it matches the text in the change, but there are many more that you can use. 
alert box. 


20.5 Changing HTML 
style 


In HTML you can change the colour and style of font, 
the background colour of a section of text, and so on. 
These are all different properties of the elements. You 
can change these in JavaScript by using the document . 


getElementById command. 
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Font size xx-small .style.fontSize = "xx-small" 
x-small | -style.fontSize = "smaller" 
small 
medium 
large 
x-large 
xx-large 
smaller (decreases by 1 unit) 
larger (increases by 1 unit 

Font style italic .style.fontStyle = "oblique" 
oblique 


norma! 


Font weight normal .style.fontWeight = "bold" 
lighter .style.fontWeight = "500" 
| bold 
| bolder 
100 to 900 


Font family For example, | Style. fontFamily 
Arial .style.fontFamily = "Courier New" 
Courier New 
Verdana 
Times New Roman 

Background colour For example, . backgroundColor = "req" 
Red 


Yellow 
#FF0052 


"Arial" 


Table 20.1: Styles. 


WORKED EXAMPLE 20. 


Create a website that has two paragraphs of text. Make the second paragraph in: 


Use JavaScript to make the first paragraph in: * green 
e purple e Courier New font 
e Arial font e size x-large. 


e size sinall. 


Start by creating the two paragraphs; these could be in HTML or in JavaScript. 


<HTML> 
<BODY> 

<p id = "pl">There was no possibility of taking a walk that day. We had been wandering, 
indeed, in the leafless shrubbery an hour in the morning; but since dinner (Mrs. Reed, 
when there was no company, dined early) the cold winter wind had brought with it clouds 
so sombre, and a rain so penetrating, that further out-door exercise was not out of the 
question.</p> 
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I never 


<p id = "p2">I was glad of it: 
dreadful to me was the coming home in the 
heart saddened by the chidings of Bessie, 


physical inferiority to Eliza, John, 


<SCRIPT> 
</SCRIPT> 


</BODY> 
</HTML> 


Set the font style for the first paragraph (p1). 


like long walks, especially on chilly afternoons: 
with nipped fingers and toes, anda 
and humbled by the consciousness of my 


raw twilight, 
the nurse, 


and Georgiana Reed.</p> 


<HTML> 
<BODY> 

<p id = "pl"sThere was no possibility of taking a walk that day. We had been wandering, 
indeed, in the leafless shrubbery an hour in the morning; but since dinner (Mrs. Reed, 


when there was no company, 
so sombre, and a rain so penetrating, 
question.</p> 

<p id = "p2">I was glad of it: 
dreadful to me was the coming home in the 
heart saddened by the chidings of Bessie, 
physical inferiority to Eliza, John, 

<SCRIPT> 


dined early) 


I never 


document .getElementById("p1") .style. 
document .getElementById("p1") .style. 
</SCRIPT> 
</BODY> 
</HTML> 


Set the font style for the second paragraph (p2). 


<HTML> 

<BODY> 
<p id 

indeed, in 


the leafless shrubbery an hour 
when there was no company, dined early) 
so sombre, and a rain so penetrating, 
question.</p> 

<p id = "p2"sI was glad of it: I never 
dreadful to me was the coming home in the 


document .getElementById("p1") .style. 
heart saddened by the chidings of Bessie, 


physical inferiority to Eliza, John, 
<SCRIPT> 
document .getElementById("p1") .style. 
document .getElementById("p1") .style. 
document .getElementById("p1") .style. 
document .getElementBylId("p2").style. 
document .getElementById("p2") .style. 
document .getElementById("p2").style. 
</SCRIPT> 
</BODY> 
</HTML> 


the cold winter wind had brought with it clouds 
that further out-door exercise was not out of the 


like long walks, 
raw twilight, 
the nurse, 


especially on chilly afternoons: 
with nipped fingers and toes, anda 
and humbled by the consciousness of my 


and Georgiana Reed.</p> 


color = ‘purple’; 
fontSize = "small"; 
fontFamily = "Arial"; 


"p1">There was no possibility of taking a walk that day. We had been wandering, 


in the morning; but since dinner (Mrs. Reed, 


the cold winter wind had brought with it clouds 
that further out-door exercise was not out of the 


like long walks, 
raw twilight, 
the nurse, 


especially on chilly afternoons: 
with nipped fingers and toes, anda 
and humbled by the consciousness of my 


and Georgiana Reed.</p> 


color = ‘purple’; 

fontSize = "small"; 
fontFamily = "Arial"; 

color = ‘green’; 

fontSize = "x-large"; 
fontFamily = "Courier New"; 
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a 
1 Change the web page that displays 
your name and an image of you. Write 

an introductory paragraph of text about 
yourself. Change the font style of both the 
title and the first paragraph using JavaScript. | 
The title should be larger and centered | 
in the page. 


PRACTICAL ACTIVI 


2 Work in pairs. You will be working together 
to create a web page that instructs a user 
on how to add JavaScript to a web page. 
Make sure you have a suitable title that is 
formatted appropriately using JavaScript. 
Whenever you use code in the text, this 
should be formatted to be Courier New. All 
other fonts should be Arial. Make sure you 
format the text using JavaScript. Take it in 
turns to add statements to format the text. 


20.6 Variables and operators 


A variable is a space in memory that is given a naine 
(an identifier), where you can store data that can change 
while the program is running. 


For example, you could create a space in memory called 
name and you could store the name Luca in there. You 
could later change it and store Katerina. You can 
check what is stored there by asking what is stored in 
name. The computer would tell you Katerina. 


The identifier must be one word (that is, no spaces) and 
start with a letter. It must not be any word that is used 

by JavaScript (these are known as reserved words). For 
example, var is invalid because it is used by JavaScript. 


Declaration 


A variable declaration tells the program that you need 
a space in memory and what its identifier will be. An 
example variable declaration in JavaScript is: 


KEY WORD 


declaration: a statement giving the identifier of a 
variable or array 


var name 
var tells JavaScript that you are creating a variable. 


name ts the name of this variable. 


Assignment 


Assignment means adding a value to that variable. 
For example: 


name = "Luca"; 


The name of the variable comes first and = can be read 
as the word ‘becomes’. This is the assignment operator . 
Luca is what is being stored. Luca is in speech marks 

(" ") because it is a string (see Table 20.2). For example: 


age = 18; 


This time the variable is called age, and 18 has been 
put into it. 


You can change the value in the variable. For example: 
name = "Katerina"; 
age = 21; 


These values have overwritten the previous data. 


Data types 


The data stored in a variable will be of a set data type. 
Table 20.2 shows the main data types used in JavaScript. 


A numeric age = 16 


i value 


Number 
score = 12.4 
String Letters, name = "Katerina" 
characters 
and numbers. 
Any text string 
must start 

and end with 
either single 
or double 
quotation 
marks, for 
example `...’ 
or"..." 


address 
Main Street’ 


message = "Hello 
World" 


True or False correct = true 


correct = false 
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boolean: a data type, either true or false 


A series of numbers = [1,2,3] 
values of the 


same data type . n: 
(cha Section Converting data to the correct form is important to 


20.13 ‘Arrays’) make sure you get the data you expect. You will learn 
- - about addition in the next section ; the + symbol can 
A series of sei = be used to add together two numbers (for example 
named values {title:"The Hoyse", 2 + 3 = 5), but it also joins together two strings 

of the variable (for example, “2” +”3” = “23”). 


genre: "Dramat; 


length:96, 


WORKED EXAMPLE 
a 


releaseYear:2013} 


Create a webpage that stores the first name, last name, 
Table 20.2: Data types. and age of a person in variables. The script should 
then output all of this information in separate alerts. 


Data types are not declared when declaring a variable; 


fa r ; i 
itis assumed wher a vaN piven to the variable First create a variable for the first piece of data, first 


name 
For example: 
<HTML> 
Var name; 
<BODY> 


name could be of any data type. But if instead you put: ehisrids is all abôut mes/his 


Type conversions 


You can convert one type of data into a second 


<h1>This is all about me</h1> 


i 
vyvar namë = "n; 
name is now a string. <SCRIPT> 
‘ var firstName = "Katerina"; 
For example, in: 
</SCRIPT> 
ee </BODY> 
age could be of any data type. But if instead you put: </HTML> 
var age = 0; Create the next variable for last name, and then one 
age is now a number. for age. 
<HTML> 
<BODY> 
data type. <SCRIPT> 
To convert data to a string, use the command String(). | var firstName = "Katerina"; 
For example: var lastName = "Singh"; 
var stringNumber = String(999); var age = 28; 
; l </SCRIPT> 
var stringBoolean = String(true); 
</BODY> 
To convert data to an integer, use the command </HTML> 


Number () for example: 
var numberString = Number ("999"); 


Boolean data can be converted to numbers; true is 
converted to 1, and false to 0. For example: 


var numberBoolean = Number (true); 
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Output each of the variables, one at a time. 


<HTML> 
<BODY> 
<hl>This is all about me</h1> 


<SCRIPT> 
var firstName = "Katerina"; 
var lastName = "Singh"; 


var age = 28; 
alert (firstName); 
alert (lastName) ; 
alert (age) ; 
</SCRIPT> 
</BODY> 
</HTML> 


Create a web page that stores information 
about yourself in variables. Output this 
information into HTML elements to display 
the information about yourself. 


2 Edit the story program you created before. 
Store each part of the story in individual 
variables. Output these variables instead of 
the text for the story. 


3 Swap computers with a partner. Add a new 

part of the story in your partner's web page. 
Make sure you do not change anything that 
is already there 


20.7 Arithmetic operators 


An operator is a symbol, or set of symbols, that 
perform an action. There are a number of these used 
in JavaScript. These are categorised as arithmetic, 
comparison and logical. 


Addition 
Subtraction 5 = i 
x is now 4 


2# 33 


x İs now 6 


id 7 33 


x is now 3.33 


Increment 
(increase by 1) 


Modulus (return 
the remainder part 
of a division) 


Round down 
a calculation 
(remove the 
remainder) 


Fleer (10/3) ¢ 


Table 20.3: Arithmetic operators. 


In an arithmetic calculation you can use numbers 
(literals) or variables 


operator: a symbol, or set of symbols, 
that perform an operation, for example, 
arithmetic operators 


arithmetic operator: a symbol, or symbols, that 
perform a mathematical calculation; these often 
appear as algebraic operators that you will be 
used to using in mathematics 


comparison operator: a symbol, or symbols, 
that compare the two sides of the operator and 
the result is either true or false 


logical operator: symbols that represent the 
logical operations and, or, not 


literal: the actual data being used (instead of 
a variable) 
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WORKED EXAMPLE 20) 


Create a web page that stores 9999 and 1000 in 
variables, and then calculates and outputs the result 
of: 


e 9999 + 1000 


e 9999 — 1000 
e 9999 * 1000 
ə 9999 / 1000 


e 9999 % 1000 
e floor(9999 / 1000). 


First, declare two variables and store 9999 and 1000 
in each. 
<HTML> 
<BODY> 
<hl>Data Web page</h1> 
<SCRIPT> 
var firstNumber = 9999; 
var secondNumber = 1000; 
</SCRIPT> 
</BODY> 
</HTML> 
Perform the first calculation, store the result in a new 
variable, then write this to the document. 
<HTML> 
<BODY> 
<hl>Data Web page</h1> 


<SCRIPT> 
var firstNumber = 9999; 
var secondNumber = 1000; 


var total = firstNumber + 
secondNumber; 


document.write (total); 
</SCRIPT> 
</BODY> 
</HTML> 


Add each calculation in turn, and output each result. 
The same variable, total, has been used for each 
calculation because this saves memory (each new 
variable takes up a space in memory). 
<HTML> 
<BODY> 
<hl>Data Web page</h1> 
<SCRIPT> 

var firstNumber = 9999; 

var secondNumber = 1000; 

var total = firstNumber + secondNumber; 

document.write (total); 

document .write(“ “); 

total = firstNumber - secondNumber; 
document.write (total); 
document .write(“ “); 
total = firstNumber * secondNumber; 
document.write (total); 
document .write(“ “); 
total = firstNumber / secondNumber; 
document.write (total); 
document .write(“ “); 
total = firstNumber % secodnNumber; 
document.write (total); 
document .write(“ “); 


total = floor(firstNumber / 
secondNumber) ; 


document.write (total); 
document.write(“ “); 
</SCRIPT> 
</BODY> 
</HTML> 
A second document .write(“ “) command is put 
between each output, to put a space between each result. 


Try the code with and without this statement and see 
what happens. 
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PRACTICAL ACTIVI 


1 Use prompt boxes to ask the user to enter 
two numbers (you will need one prompt for 
each number). Output the result of these 
two numbers added together. 


2 Use prompt boxes to ask the user for their 
name. Output a message including their 
age, for example, "Hello Chin Hao". 


3 Store 10 numbers in separate boxes. 
Add together all the numbers and output 
the result. 


4 Use a prompt box to ask the user to enter a 
number. Subtract this number from 100 and 
output the result. 


20.8 Functions 


A function is a set of instructions that perform a specific 
task. It is independent code that only runs if it is called. 


Functions are very useful for removing repeated code, 
especially when it may need to be repeated at different 
positions in the program. Instead of rewriting the code 
(which gives more opportunity for errors), just call 

the function. 


Functions can be a) called (invoked) trom within the 
JavaScript code, b) called when an event occurs such as 
clicking a button, and automatically run (self-invoked). 


This section will include ali these ways. 


Every function has an identifier. In the following 
example the function is named outputNums. 


function outputNums() { 
document .write(0); 


document.write(1); 


pA 


J 


The code inside this will not run unless the identifier is 
called. All the code that will run in the function needs to 
be inside the brackets { }. 


To call the function, add the code: 


outputNums(); 


N 
EXAMPLE 20.08 


Create a program that has a function to output 
"Hello World". Call the function several times from 
the main program. 

First declare your function in the JavaScript and put 
the actions inside the { }. 


<HTML> 
<BODY> 
<hl>Welcome to my website</h1> 
<SCRIPT> 
function outputText () { 
document .write ("Hello World"); 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Then, call the function in the JavaScript code; this can 
go before or after the function. 


<HTML> 
<BODY> 
<hl>Welcome to my website</h1> 
<SCRIPT> 
outputText () ; 
function outputText () { 


document.write ("Hello World"); 
} 
</SCRIPT> 
</BODY> 
</HTML> 


A function can take values from the program that calls 
it; these are called the parameters. It can also return a 
value back to the program that called it. 


The following function, addNums, takes two numbers, 
num1 and num2, adds these together and returns 
the result. 


function addNums(numl1, num2) { 
return numi + num2; 
The addNums function can now be used within the code: 
var result = addNums(2,3); 


num1 is given the value 2, num2 is given the value 3. The 
function addNums adds these together (5) and returns 
the result. 5 is now stored in result. 
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Create a program thai has a function to take two 
values as parameters and multiply them. The main 
program should then call the function, first with the 
numbers 2 and 3, secondly with the numbers 4 and 5, 
thirdly with the result of the first function call and the 
second function call. Then, display the result from the 
third function call. 


First, create the function. It needs two parameters, 
and needs to return the result. 


<HTML> 
<BODY> 
<hl>Welcome to my website</hl1> 
<SCRIPT> 
function multiplyNumbers (num1, num2) { 
var result = numl * num2; 
return result; 
} 
</SCRIPT> 
</BODY> 
</HTML> 


In this function the result is saved in a variable before 
being returned, but it could just be returned direciiy. 


The first call is with 2 and 3. The function returns a 
value, so this needs to be stored somewhere. 


<HTML> 
<BODY> 
<hl>Welcome to my website</h1> 
<SCRIPT> 
function multiplyNumbers(num1, num2) { 
var result = numl * num2; 
return result; 
} 
var valuel = multiplyNumbers (2,3); 
</SCRIPT> 
</BODY> 
</HTML> 


PRACTICAL ACTIVITY 20.09 


Open file 20.04.html and amend it to store 


two numbers. Then, output the result of the 
numbers added together, subtracted, multiplied 
and divided. 


20 Programming for the web 


Then, the second call with the numbers 4 and 5. 
<HTML> 
<BODY> 
<hl>Welcome to my website</h1> 
<SCRIPT> 
function multiplyNumbers (num1, num2) { 
var result = numi * num2; 
return result; 
} 
var valuel = multiplyNumbers (2,3) ; 
var value2 = miltiplyNumbers (4,5) ; 
</SCRIPT> 
</BODY> 
</HTML> 


Finally, call the function with the result of the two 
previous calls (value1 and value2) and output this 
result. 


<HTML> 
<BODY> 
<hl>Welcome to my website</h1> 
<SCRIPT> 
function multiplyNumbers (num1, num2) { 
var result = numl * num2; 
return result; 
} 
var valuel = multiplyNumbers (2,3) ; 
var value2 = multiplyNumbers (4,5); 
var value3 = multiplyNumbers(valuel, 
value2) ; 
document.write (value3) ; 
</SCRIPT> 
</BODY> 
</HTML> 


When you create a function, you can create a variable 
inside it (local) or outside it (global). If the variable is 
local, then it only exists when that function is running. 
As soon as it ends and returns control, the variable 
disappears and is blank. This variable can only be 
accessed (for example output, changed) from within 
that function. 
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local variable: a variable declared within 
a function; it can only be accessed within 
the function 


global variable: a variable declared outside 
a function; it can be accessed anywhere | 
within the code 


wee LQ 


If the variable is global, then it exists as soon as the web 
page loads, and permanently exists. It can be accessed 
from anywhere in the JavaScript. Howevei, this can 
waste memory, because it will always exist. 


In this example, number is globa!. it is declared outside 
the function, but it can be accessed inside the function. 
Although the variable newNumber is local, it is inside the 
function and cannot be accessed outside of it. 
<HTML> 
<BODY> 
<hl>Welcome to my website</h1> 
<SCRIPT> 
var number = 0; 
function firstFunction() { 
alert (number); 


var newNumber = 10; 


alert (newNumber) ; 
</SCRIPT> 
</BODY> 
</HTML> 


Create a function for each of the arithmetic 
operators. Use a prompt to ask the users to 
enter two numbers, then call the function 
for each of the operators and output 

each result. 


2 Write a sentence to output to the screen 
with repeated words within it, for example, 
“when a word is repeated, the repeated 
word appears several times”. Create a 
function for each word, and a separate 
function for the space between each word. 

Call the functions to output the sentence. 


items in a shop are reduced by 10 per 
cent. Create a function to take a value as 
a parameter and return the reduced price. 


Create a function to ask the user to input the 
cost of an item using a prompt. Repeatedly 
call the function to output, and then the 
function to calculate the cost. Display the 
reduced price each time. 


Questions 


5 Define the term function. 
6 What does the operator % do? 


7 What is the difference between the operator 
++ and --? 


20.9 Form elements 


You need to tell HTML that you are creating a form 
using the <form></form> tag. All the code to display 
buttons, drop-down boxes, and so on then comes within 
these tags. 


An event can occur within the HTML code that can be 
acted upon by JavaScript, for example when a button 
is clicked. Within the HTML code for these objects, a 
JavaScript function can be called to perform an action. 


object: a series of named values all stored under 
one identifier 


button 


When the user clicks on an element, for example, 

an HTML button, it can be programmed to calla 
JavaScript function. For example, every time you click 
a button, the function calculate () is called and it 
performs a calculation and outputs a result. 


This HTML code will create a button that says 
"Click me": 


<button onclick="outputMessage() ">Click 
me</buttons 
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The code states that when the button is clicked (onclick), 


the JavaScript function outpucMessage () will 
be called. 


This function is then written in JavaScript: 


function outputMessage () { 


document .write ("Hello World"); 


3 


J 


Every time the button is clicked, the message "Hello 
World" will be displayed on the page. 


WORKED EXAMPLE 20.10 


Create a program that displays an image when a 
button is clicked. 


First, create the button. 


<HTML> 
<BODY> 


<button onclick = "showImage()">Click to 
show image</button> 


<SCRIPT> 

</SCRIPT> 
</BODY> 
</HTML> 


Then, create the function. 
<HTML> 
<BODY> 


<button onclick = "showImage()">Click to 
show image</button> 


<SCRIPT> 
function showImage() { 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Then, create the placeholder for the image. 


<HTML> 
<BODY> 


<button onclick = “showImage()”>Click to 
show image</button> 


<br> 
| <img src = W id = “imageHolder”> 
<SCRIPT> 


function showImage() { 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Lastly, put the code in the function to display the image 
and change any other of the properties, for example 
setting the height and width. 

<HTML> 

<BODY> 


<button onclick = “showImage()”>Click to 
show image</button> 


<br> 
<img src = “” id = “imageHolder”> 
<SCRIPT> 
function showImage() { 


document .getElementById 
(“imageHolder”).src = “IMG 2.jpg” 


document .getElementById 
(“imageHolder”) .height = “500”; 


document .getElementById 
(“imageHolder”) .width = “500”; 


</SCRIPT> 
</BODY> 
</HTML> 
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1 Create a web page with two images. Change 
the single irnage displayed on screen 
according to which button has been clicked. 


2 Create a button for each arithmetic operator. 
When each button is clicked, use a prompt | 
to get two numbers from the user, perform 
the operation they clicked on (for example 
if they clicked + then add the numbers) and 
output the result. 


3 Create a short story where the user has to 
click different buttons to try and escape 
from a room. Each time they click a button, 
the text on the web page changes and they 
are told to click a different button to decide 
what happens next. For example, in the first 
output they are toid to click button 1 to try 
the door, and button 2 to pick up the key. 
The story then continues from the button 
they choose to click. 


4 Edit the short story task to display an image 
with each button as well, for example if they 
pick up the key, display an image of a key 
with the text. 


Text box 


You can enter text into a text box, and you can then 
access this data and use it, for exainple, in a calculation. 


This HTML code will create a text box with the 
identifier enterColour 


<input type="text" id="enterColour"> 


The data is accessed using document . 
getElementBy1D() .value with the text box 
identifier in the brackets. For example, here the data in 
enterColour Is stored in the variable colourEntered, 


ver colourEntered = document. 
getElementByld("enterColour") .value; 


An action is needed to tell JavaScript to get the data 
from the text box, for example clicking a bution. This 
can then call a function where you get the data from 
enterColour 


You can write to a text box in a similar way. Put the 
command on the left of the assignment. This code will 
write "Hello" into the text box. 


document .getElementBylId("enterColour"). 
value = "Hello"; 


All data accessed from text boxes is stored as a string, 
unless you tell it to convert it. For example, if number 
22 was entered, this would be stored as "22". See Section 
20.6 Variables and operators/Type conversions for how 
to convert it to a number. 


WORKED EXAMPLE 20.11 


Create a program that asks the user to enter two 
numbers, one in each separate text box. When the 
button is clicked, add these numbers together and 
output the result to both text boxes. 


First, set up the forin, with two text boxes and a 
button. 

<HTML> 

<BODY> 

<input type = "text" id = "numberl1"> 
<input type = "text" id = "number2"> 


<button onclick = "addTogether () ">Add</ 
button> 


<SCRIPT> 

</SCRIPT> 
</BODY> 
</HTML> 


Declare a function. Within it, get the data from each 
text box and store each in their own variable. 


<HTML> 
<BODY> 
<input type = "text" id = "numberl1"> 
<input type = "text" id = "number2"> 
<button onclick = "addTogether () ">Add</ 
button> 

<SCRIPT> 


function addTogether () { 


var numi = document. 
getElementById("numberl1") .value; 


var num2 = document. 
getElementBylId("number2") .value; 


</SCRIPT> 
</BODY> 
</HTML> 


NN O ú O 


486 » 
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These values are currently strings. 


Add the values together and store the result in a new 
variable. Then, write this variable to both text boxes. 


<HTML> 
<BODY> 
<input type = "text" id = "numberl1"> 
<input type = "text" id = "number2"> 
<button onclick = "addTogether () ">Add</ 
button> 

<SCRIPT> 


function addTogether () { 


var numl = document. 
getElementById("numberl1") .value; 
var num2 = document. 
getElementById("number2") .value; 
var total = Number(numl) + 
Number (num2) ; 


document .getElementById("numberl1") . 


value = total; 


document .getElementById("number2") . 


value = total; 
</SCRIPT> 
</BODY> 


</HTML> 


PRACTICAL ACTIVI AN 


1 Create a program that asks the user to enter 
their name into a text box. Output their 
name in an alert box. 


2 Change your calculator program, so 
there are two text boxes for the user to 
enter a number into each. When a button 
(for example +) is clicked, perform the 

| calculation and output it. 


CUNY 


Drop-down box 


A drop-down box gives the user options to choose from. 


This HTML code will create a drop-down box called 
colours. It will create three options: purple, orange 
and blue. Each <options> will be a new choice in the 
drop-down box: 


<select id = "colours"> 
<option>purple</option> 
<option>orange</option> 
<optionsblue</option> 
</select> 


The item selected is accessed using: 

document .getElementById ("colours"). 

options [document .getElementById ("colours"). 
selectedIndex] .text; 


1 


This is a long piece of code, but there is a way to shorten 
it. document .getElementById ("colours") appears 
twice in the same line. Instead of writing it twice, you 
can store this in a variable, for example: 


var coloursID = document. 
getElementBylId("colours"); 


Then use this variable instead, giving the code: 


coloursID.options[coloursID.selectedIndex]. 
text: 


This will need to go within a function that is called, for 
example, from a button. This function will access the 
chosen option and output it in an alert. 


function displiayChoice() { 


Var scoloursID = 
document .getElementBylId(“colours”); 


alert(coloursID.options[coloursID. 
selectedIndex].text); 


Radio button 


You can give the user a range of options that they 
can see, but can only select one of. This is done with a 
radio button. 


ea 
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This HTML code will create a radio button for Purple, function checkColours(){ 
Orange and Blue: var colour = document.forms[0]; 
<form> for (i=0; i<3; i++){ 


<input type="radio" name="colours" EEEO ita aan 


value="purple">Purple<br> document .write(colour[i] .value) ; 


<input type="radio" name="colours" value 
="orange">Orange<br> } 


<input type="radio" name="colours" value 

="blue">Blue<br> e The first line in the function stores the first form 
elements in the variable colour (this just saves 
having to write it all out every time). 


</form> 


The radio buttons must be within a form so they 


are grouped together, otherwise you may be able to e The for loop goes through each element; 0, then 
select several. 1, then 2. 

In the JavaScript, you need to check which one has been e Each time, it checks if that radio button has 
selected using a for loop and an if statement (you will been selected. 

learn more about these in Section 20.12 Selection and e The next line only runs if the i£ is true, then 
Section 20.14 Loops). This function needs to check each it outputs the content of the choice (the 

of the radio buttons you have created, in turn, to find colour chosen). 


out which one has been checked. 


wy, 
EXAMPLE 20.12 


e. 
Create a program where a user can choose a colour from a drop-down box, and an animal from a radio button. 
The program should then combine these and output the name of the new animal when a button is clicked. 
First, create the drop-down box with the colour options. 
<HTML> 
<BODY> 
<select id = "colour"> 
<option>red</option> 
<option>yellow</option> 
<option>purple</option> 
<option>orange</option> 
<option>green</option> 
</select> 
<SCRIPT> 
</SCRIPT> 
</BODY> 
</HTML> 
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Then, create the radio buttons. 


<HTML> 

<BODY> 

<select id = "colour"> 
<option>red</option> 
<option>yellow</option> 
<option>purple</option> 
<option>orange</option> 


<option>green</option> 


</select> 
<form id = "animals"> 
<input type = "radio" name = "animals" value = "elephant">Elephant <br> 
<input type = "radio" name = "animals" value = "tortoise">Tortoise <br> 
<input type = "radio" name = "animals" value = "dolphin">Dolphin <br> 
<input type = "radio" name = "animals" value = "kangaroo">Kangaroo <br> 
</form> 
<SCRIPT> 
</SCRIPT> 
</BODY> 
</HTML> 


Create the button. 


<HTML> 

<BODY> 

<select id = "colour"> 
<option>red</option> 
<option>yellow</option> 
<option>purple</option> 
<option>orange</option> 


<option>green</option> 


</select> 

<form id = "animals"> 
<input type = "radio" name = "animals" value = "elephant">Elephant <br> 
<input type = "radio" name = "animals" value = "tortoise">Tortoise <br> 
<input type = "radio" name = "animals" value = "dolphin"s>Dolphin <br> 
<input type = "radio" name = "animals" value = "kangaroo">Kangaroo <br> 

</form> 

<button onclick = "createAnimal()">Create the animal</button> 
<SCRIPT> 
</SCRIPT> 

</BODY> 

</HTML> 
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Create the JavaScript function and access the data in the drop-down box and store it in a variable. 


<HTML> 

<BODY> 

<select id = "colour"> 
<option>red</option> 
<option>yellow</option> 
<option>purple</option> 
<option>orange</option> 


<option>green</option> 


</select> 

<form id = "animals"> 
<input type = "radio" name = "animals" value = "elephant">Elephant <br> 
<input type = "radio" name = "animals" value = "tortoise">Tortoise <br> 
<input type = "radio" name = "animals" value = "dolphin">Dolphin <br> 
<input type = "radio" name = "animals" value = "kangaroo">Kangaroo <br> 

</form> 

<button onclick = "createAnimal()">Create the animal</button> 
<SCRIPT> 


function createAnimal () { 
var dropDownName = document.getElementById("colour") ; 
var colourChosen = dropDownName.options [dropDownName.selectedIndex] .text; 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Add JavaScript code to check the radio buttons and get the value of the one selected. 


<HTML> 

<BODY> 

<select id = "colour"> 
<option>red</option> 
<option>syel Low</option> 
<option>purple</option> 
<option>orange</option> 


<option>green</option> 


</select> 

<form id = "animals"> 
<input type = "radio" name = "animals" value = "elephant">Elephant <br> 
<input type = "radio" name = "animals" value = "tortoise">Tortoise <br> 
<input type = "radio" name = "animals" value = "dolphin">sDolphin <br> 
<input type = "radio" name = "animals" value = "kangaroo">Kangaroo <br> 

</form> 
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<button onclick = "createAnimal()">Create the animal</button> 
<SCRIPT> 
function createAnimal () { 
var dropDownName = document.getElementById("colour") ; 
var colourChosen = dropDownName.options [dropDownName.selectedIndex] .text; 
for(i=0; i<4; i++) { 
if (animalRadio [i] .checked) { 
var animalChosen = animalRadio[i] .value; 


</SCRIPT> 
</BODY> 
</HTML> 


Output the two selected valves. 


<HTML> 

<BODY> 

<select id = "colour"> 
<option>red</option> 
<option>yellow</option> 
<option>purple</option> 
<option>orange</option> 
<option>green</option> 


</select> 

<form id = "animals"> 
<input type = "radio" name = "animals" value = "elephant">Elephant <br> 
<input type = "radio" name = "animals" value = "tortoise">Tortoise <br> 
<input type = "radio" name = "animals" value = "dolphin">Dolphin <br> 
<input type = "radio" name = "animals" value = "kangaroo">Kangaroo <br> 

</form> 

<button onclick = "createAnimal()">Create the animal</button> 
<SCRIPT> 


function createAnimal () { 
var dropDownName = document .getElementById ("colour"); 
var colourChosen = dropDownName.options [dropDownName.selectedIndex] .text; 
for(i=0; i<4; i++) { 
if (animalRadio [i] .checked) { 
var animalChosen = animalRadio[i] .value; 


alert (colourChosen + " " + animalChosen; 
</SCRIPT> 
</BODY> 
</HTML> 
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PRACTICAL ACTIVI 


Open file 20.05 jit. 


Complete the program to give the user five fruit 
to select, and five colours to select. 


When the button is pressed, output these two 
words combined e.g. ‘orange banana’. | 


ee © | 


PRACTICAL ACTIVITY 20.14 


1 Create a form that lets the user choose from 
a series of options in a drop-down box. 
Change the text displayed in the web page 
to the option they have selected. 


2 Repeat Task 1, using a radio button instead 
of a drop-down box. 


3 Create a form that lets the user create their 
own sentence using a series of drop-down 
boxes and radio buttons. Users should be 
able to select the first word of the sentence 
from one object, then the second from the | 


next, and so on. When the user clicks a 
button, output the sentence using an alert. | 


20.10 Detecting events 


You have already used onClici() 1n the section on 
buttons. There are other events that you can detect in 
JavaScript, such as the following: 


onload 


When onload is attached to an element, it will run when 
the element is called or loaded. In this example, when 
the web page (the body tag) loads, the function will run. 
<HTML> 
<BODY onload="outputText()"> 
<SCRIPT> 
function outputText () { 
alert("Hello World") 
} 
</SCRIPT> 
</BODY> 
</HTML> 


onchange 


This can be attached to an element that the user can 
change, for example a drop-down box. In this example, 
when the user changes their option in the drop-down 
box, the function will be called. 


<HTML> 
<BODY> 
<select id = "colours" onchange="outputText()"> 
<option>purple</option> 
<option>orange</option> 
<optionsblue</option> 
</select> 
<SCRIPT> 
function outputText () { 
alert("Hello World") 
} 
</SCRIPT> 
</BODY> 


</HTML> 


onmouseover 


This will run when the user moves the cursor over 

an element, for example an image. In this example, 
when the user puts their cursor over the image, the 
image will change. 


<HTML> 
<BODY> 


<img,dre="IMG _1.jpg" id = 
"imageHolder" width=500 height=500 
onmouseover="changeImage()"> 


<SCRIPT> 
function changeImage() { 


document. 
getElementById("imageHolder").sre = 
"IMG _ 2.jpg" 


</SCRIPT> 
</BODY> 


</HTML> 
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onmouseout 


This will run when the user moves the cursor off 
an element, for example, an image. In this example, 
when the user moves the cursor away from the 
image, a different function is called. 

<HTML> 

<BODY> 

<imgyerc="IMG _1.jpg" id = “imageHolder" 
onmouseover="changeImagel()" 


onmouseout="changeImage2()" width=500 
height=500 > 


<SCRIPTS 
function changeImagel() { 


document .getElementByld 
("imageHolder").src = "IMG 2.jpg" 

function changeImage2() { 
document 
getElementBylId("imageHolder").srce = 
"IMG 1.jpg" 

} 

</SCRIPT> 
</BODY> 


</HTML> 


onkeydown 


When attached to an element where the user can 
enter data, for example, a text box, it will run when 
the user clicks a key on the keyboard (types a 
letter). In this example, every time the user types a 
letter a message will output. 


WORKED EXAK 


<BODY> 


<input type="text" 
onkeydown="outputLetter()"> 


<SCRIPT> 
function outputLetter () { 
alert("Letter clicked") 
</SCRIPT> 
</BODY> 


</HTML> 


20.11 Showing and 
hiding HTML elements 


HTML elements (for example paragraphs) can be made 
visible (so they appear and are on screen), and invisible 
(so they disappear and cannot be seen). 


The .visibility option can be set to "visible" or 
"hidden". For example, this code will set the element 
"text1" to be invisible: 


document .getElementByld("text1").style. 
visibility = "hidden"; 
A second way of doing this is by using the style. 
display option of "none" (hidden) or "inline" 
(visible). To make the text box invisible, use the code, 


document .getElementBylId("text1").style. 
displays "none"; 


Make an image disappear when the cursor moves over it, and make it reappear when the mouse moves off it. 


First set up the web page with the starting image. 
<HTML> 
<BODY> 
<img src = "IMG 1.jpg" id = "theimage"> 
<SCRIPT> 
</SCRIPT> 
</BODY> 
</HTML> 
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Create one function to make the image appear, and another to make it disappear. 


<HTML> 
<BODY> 
<img src = "IMG _1.jpg" id = "theImage"> 
<SCRIPT> 
function imageDisappear () { 
document .getElementById("theImage") .style.visibility = "hidden"; 
function imageAppear () { 
document .getElementById("theImage") .style.visibility = "visible"; 
</SCRIPT> 
</BODY> 
</HTML> 
Now, set onmouseover and onmouseout for the image. 
<HTML> 
<BODY> 
<img src = "IMG 1.jpg" id = "theImage" onmouseover = "imageDisappear()" 
onmouseout="imageAppear()" width = 500 height = 500> 
<SCRIPT> 
function imageDisappear () { 
document .getElementById("theimage") .style.visibility = "hidden"; 
function imageAppear () { 
document .getElementById("theImage") .style.visibility = "visible"; 
</SCRIPT> 
</BODY> 
</HTML> 


OACTIVITY 20.15 20.12 Selection 


1 Create a web page where the user A conditional statement lets you specify which, if 
can choose to view an image by any, statements are to be run. This is done through a 
clicking a button. condition, and whether that condition is true or false. 


2 Create a web page with several images 
and a button. Each time the user puts their 
mouse over an image, it disappears and 
they get a point (stored as a global variable). 
When the user clicks the bution it tells them 
their score. 


condition: a statement that can be evaluated 


as true or false, for example 5 > 6 (this is false 
because 5 is not greater than 6) 
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Comparison operators 


Table 20.4 shows the different comparison operators. 


nction 
> Greater than 


5 > 6? 


This is false. 


< Less than SN 
This is true. 
ea Greater than or 5 >= 6; 
equal to This is false. 


= Less than or equal |5 <= 5; 
to This is true. 
Equal to b es Oy 
a This is false. 


=== Equal to and of the | 5 === "5"; 
same data type 


This is false 


because the first is 
a number and the 
| second is a string. 


Not equal to 5 l= 6; 
This is true. 
== Not equal to or 5 l=== "5"; 
not of the same This is true, 


because they are 
not the same data 


type. 


data type 


Table 20.4: Comparison operators. 


if 
if checks a condition. If it is true, the first block of 
code is run, 
if (myVariable < 6) { 
message = "Yes it is!"; 


\ 


J 


The code assigning "Yes it is" to the variable 
message is only carried out if the data in the variable 
myVariable is less than 6. 
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if is always the first in a selection statement. It can 
be on its own, or it can be combined with else and 
elseif statements. 


else 


An else statement gives you an option to run code if 
the condition within the i£ is false: 


if (myVariable < 6) { 


message = "Yes it is!"; 
}else{ 
message = "No it isn’t!"; 


} 


If the data in the variable myVariable is less than 6, 
then "Yes it is!" will be assigned to message. If 
it is not less than 6 (so it is 7 or more) then "No it 
isn’t!" will be assigned to message instead. 


else if 


else if allows you to have multiple conditions that 
you set to different outcomes. It still starts with an if, 
but you can then have as many else if conditions as 
you need. You can also have an else, but this would 
need to go at the very end. 


if (myVariable < 6) { 


message = "Yes it is!"; 
}else if (myVariable == 6){ 
message, = "They're the same"; 
Jelse{ 
message = "It’s smaller"; 


} 


In this example, if the value in myVariable is less than 
6then "Yes it is!" is assigned to message. 


If it is not less than 6, it is compared to see if it is equal 
to 6. If itis, then "They're the same" is assigned 
to message. 


If it is not less than 6, and not equal to 6, then "It’s 
smaller" is assigned to message. 
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Create a program that displays a different image depending on which option was chosen from a drop-down box. 


WORKED EXAMPL 


First, create the web page with a drop-down box, image placehoider and button. 


<HTML> 
<BODY> 


Which image would you like to see? 

<select id = "choice"> 
<option>Image 1</option> 
<option>Image 2</option> 


</select> 


<button onclick = "displayImage()">Display</button> 
<img src = "" id = "imagePlaceHolder width = 500 height = 500> 


<SCRIPT> 


</SCRIPT> 
</BODY> 
</HTML> 


Write the function to get the value from the drop-down box, and then check what the value is using an if statement. 


<HTML> 

<BODY> 

Which image would you like to see? 

<select id = "choice"s> 
<option>Image 1</option> 


<option>Image 2</option> 


</select> 

<button onclick = "displayImage()">Display</button> 

<img src = "" id = "imagePlaceHolder width = 500 height = 500> 
<SCRIPT> 


function displayImage () { 
var dropDownName = document .getElementById ("choice"); 


var imageChosen = dropDownName.options [dropDownName.selectedIndex] .text; 


if (imageChosen == "Image 1") { 
document .getElementById("imagePlaceHolder").src = "IMG_1.jpg"; 
selse{ 
document .getElementByid("imagePlaceHolder").src = "IMG 2.jpg"; 
} 
</SCRIPT> 
</BODY> 
</HTML> 
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Logical operators 


A comparison can include more than one statement by 
including a logical operator. 
There are three jogical operations: AND, OR and NOT. 


These operators can also be used in loops that you learn 
about later in this chapter. 


The three logical operators are shown in Table 20.5 


Is true if the condition before and after are | (5 < 6) && (7 < 10) 

both true. If one is false, then it is false. Both are true, so the result is true. 
(5 > 6) && (7 < 10) 
The first statement is false, so the result is 
false. 


| Is true if one or both of the conditions are | (5 < 6) | | 
| true. If both are false, it is false. 7 < 10) 


i Both are true, so the result is true. 


(5 = 6) || 
(7 < 10) 


The second is true, so the result is true. 
Replaces a true with false, or a false with LES <6) 


true. This is false because 5<é is true, but the |! 
will change this to false. 


Table 20.5: Logical operators. 


Create a program that asks the user to enter two numbers and output a message depending on the numbers. 
¢ If either number < 10, output "Too small" 
¢ If either number > (00, output "Too large" 
¢ If both numbers < 50 and >= 10, output "below" 
¢ If both numbers are >= 50 and < 100, output "above" 
e Otherwise, output "mixed" 
Set up the form with two text boxes and a button. 
<HTML> 
<BODY> 
| <input type = "text" id = "num1"> 
<input type = "text" id = "num2"> 
<button onclick = "calculate() ">Calculate</button> 
</BODY> 
</HTML> 
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Create the function to get the numbers when the button is clicked 


<HTML> 
<BODY> 
<input type = "text" id = "numl1"> 
<input type = "text" id = "num2"> 
<button onclick = "calculate()">Calculate</button> 
<SCRIPT> 


function calculate () { 
var numberl = document.getElementById("num1") .value; 
var number2 = document.getElementById("num2") .value; 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Write the if statement to check each of the conditions in turn. 


<HTML> 
<BODY> 
<input type = "text" id = "numl1"> 
<input type = "text" id = "num2"> 
<button onclick = "calculate()">Calculate</button> 
<SCRIPT> 


function calculate() { 
var numberl = document .getElementById ("num1") .value; 
var number2 = document .getElementById("num2") .value; 
if(numberl < 10 || number2 < 10) { 
alert ("Too small"); 
}else if(numberl > 100 || number2 > 100) { 
alert ("Too large"); 
}else if (numberl < 50 && number2 < 50) { 
alert ("Below") ; 
}else if(numberl >= 50 && number 2 >= 50) { 


alert ("Above") ; 


yelse{ 


alert ("Mixed") ; 


} 


</SCRIPT> 
</BODY> 
</HTML> 
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In the worked example, the iater elseifs did not need 
to check that the number was also above 10, or less than 
100. This is because the if statements run in order, 

so if the first condition is true then none of the other 
comparisons will take place, and the program will jump 
to the last }. 


Questions 


8 What is the result of 10 < 2? 
9 What is the result of 10 === 100? 


10 What is the result of “ten” !=== “eleven”? 

11 What is the result of “a” == “a”? 

12 What is the result of 10 > 2 && 10 > 10? 

13 What is the result of “house” == “house” | | 
10 >= 12? 


14 What is the result of !(55 < 66)? 


switch 


Combining multiple ifs can get difficult to manage. A 
switch statement is more efficient because it does not 
perform all of the conditions every time. It can take a 
variable (or expression) and then check its value against 
a series of options. These options can be values, as in 
the following example, or variables. 


number = 5; 
switch(number) { 
case 4; 
message = "It’s 4"; 
break; 
case 5; 
message = ASS 5"; 
break; 
case 6; 
message = "It's 6"; 
break; 
default; 
message = "It was none of these"; 
} 


This statement will take the value stored in the variable 
number and compare it to the first case statement; 
in this code, case 4. If it is equa! to it, it will write 
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"It’s 4" into the variable message, then run the break 
statement which forces it to break out of the switch 
statement (that is, it will not then compare the value 
with the next case). 


The default catches a value that is not caught by any of 
the previous case statements. 


Ternary operator 


The ternary operator is a special type of selection 
statement. It has a single comparison, and can then 
assign a variable a value dependent on whether this 
comparison is true or false. 


var valueToUpdate = (inputData < 10) ? 
"Below":"Above"; 


This statement says: If the value in inputData is less 
than 10, store "Below" in the variable valueToUpdate, 
otherwise store "Above" in the valueToUpdate. 


PRACTICAL ACTIVITY 20.16 


| 1 Create a web page that has a person's age 
stored in a variable. Using an If statement, 
output a different message, depending on 
their age. For example, if they are between 
13 and 19: “You are a teenager”. 


2 Extend your story program. This time ask the 
user to enter data, for example an answer to 
a puzzle and, if they get it correct, or give a 
specific answer, then give them the next part 
of the story. 


3 Create a web page with one button. Each 
time the button is clicked, a different image 
is displayed (up to five images). You will 
need a global variable to keep track of how 
many times the button has been clicked. 


4 When the web page loads, ask the user to 
confirm that they want to see the image 
using a confirm box. If the user clicks OK, 
make the image visible, otherwise make it 
invisible. 


5 Create a web page to allow a user to enter 
their mark in a test. Convert this to a grade 
(for example A is 80%) and output it. 
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6 Create a game where the user has to guess 
what number the game has stored. Each 
time they guess, the web page will tell them 
if they need to guess higher, or lower, or got 
it correct. If they get it correct, tell them how 
many guesses it took. You will need a global | 
variable to track the number of guesses. 


N 


Create a function that takes four numbers as 
parameters. Find and output the largest of 
these numbers. 


8 Extend Task 7 to find the smallest of the 
numbers as well. 


v 


a 
PRACTICAL ACTIVI Np 17 
Open file 20.06.htmi. 


Complete the program to input 2 numbers, and 
then output the largest. 


20.13 Arrays 


An array is a data structure that allows you to store 
multiple values under one name. It is often represented 
as a table, with each value given a number with which to 
access it (known as the array index}. For example: 


var colotgs = ["orange", "purple", "green", 
"yellow, "grey"]; 


array: a data structure that can store multiple items 
under one identifier; the items are of the same type 


This code declares an array, called colours, with five 
elements. These are shown as a table in Table 20.6. 


o | 


purple 


Table 20.6: An array. 


Data can be extracted from this array. For example, this 
code would store purple in myFavColour: 


var myFavcolour = colours[1]; 


Data can be replaced in this array. For example, this 
code will replace yellow with pink: 


coloural[3] = "pink" 


Data can be added to this array. For example, this code 
will make a new index, 5, and put blue in it: 


colours.push("blue"); 


The length of the array can be found. For example, this 
code will return 5: 


var arrayLéngth = colours.length; 


WORKED EXAMPLE@Q-D 


Store five words in an array. Create a web page that asks the user to enter a number between | and 5 


Display the word in that index. 


First, set up the web page, declare an array and store the data in it. 


<HTML> 
<BODY> 
Enter a number between 1 and 5. 


<input type="text" id="wordToOutput"> 


<button onclick="outputWord()">Press me</button> 


<SCRIPT> 


var words = ["One", "Two", "Three", "Four", "Five"]; 


</SCRIPT> 
</BODY> 
</HTML> 
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Get the value input. Check its value and subtract | to get the index (if they enter 1, this will output index 0). 


<HTML> 
<BODY> 
Enter a number between 1 and 5. 
<input type="text" id="wordToOutput"> 
<button onclick="outputWord()">Press me</button> 
<SCRIPT> 
var words = ["One", "Two", "Three", "Four", "Five"]; 
function outputWord () { 
var inputNumber = document .getElementById("wordToOutput") .value; 
inputNumber = inputNumber - 1; 
alert (words [inputNumber] ) ; 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Only the numbers | to 5 can be entered, so the input can be checked and an error output if it is not valid. 


<HTML> 
<BODY> 
Enter a number between 1 and 5. 
<input type="text" id="wordToOutput "> 
<button onclick="outputWord()">Press me</button> 
<SCRIPT> 
var words = ["One", "Two", "Three", "Four", "Five"]; 
function outputWord () í 
var inputNumber = document.getElementById("wordToOutput") .value; 
inputNumber = inputNumber - 1; 
if(inputNumber >= 1 && inputNumber < 5) { 
alert (words [inputNumber] ) ; 
} else { 
| 


alert ("Invalid number, it must be between 1 and 5"); 


} 


</SCRIPT> 
</BODY> 
</HTML> 


a o> 
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PRACTICAL ACTIVI 


1 Create an array that stores the names of ten 
different films. Output each of these films, in 
turn, on a web page. Each film should be on 
a new line. 


2 Store a list of image names in an array. Ask 
the user to choose an item from a drop- 
down menu. Depending on their choice, 
output one of the images (for example the 
first option in the drop-down box shouid 
output the image in index 0). 


3 Create a web page with a text box anda 
button. Each time the user enters a number 
in the text box, and clicks the button, put 
the number into the next array index (you 
will need to keep track of the number 
of elements in the array using a global 
variable). Output the largest number and 

smallest number of those in the arrays. 


20.14 Loops 


A loop is a construct that repeats the code inside it a set 
number of times based on a condition. Another name 
for it is iteration. 


It can be used when you want to perform the same 
action multiple times. For example, you may want to 
output a number ten times. Instead of writing the same 
line of code ten times, you can put it in a loop, which 
reduces the amount of code. 


You may not know how many times some code needs to 
be run. For example, you want to multiply a number by 
itself until it is greater than 1000. You will not know, at 
the start, how many times this code needs to be run. 


There are two types of loop: count controlled, and 
condition controlled. 


A count controlled, for example a for loop, repeats a set 
number of times. A condition controlled, for example 
while and do/while, repeat when a condition is true. 


for 


In a for loop, you need to know the number of times 
the loop is to run. The following code adds the value of 
the total to itself ten times: 


for (count = 0; count < 10; count++){ 
total = total + total; 
} 


count is a variable that is declared for the loop. It 
usually counts the number of times a loop is run, 
although it can be used in other ways. This statement 
can be excluded if, for example, you want to use a 
variable that already exists. 


The second element, count < 10, is the condition. As 
long as this is true, the loop will run. This code can be 
excluded, but then the for loop will run continually 
unless you include a break statement. This is a line of 
code that tells the program to stop the construct it is 
currently in (that is, the loop) and go to the next line of 
code after the loop. 


The third element is what happens each time the 
program gets to the end of the loop, and goes back 

to the beginning. In this case, the variable count 
increments (increases by one). This statement can be 
excluded if, for example, you want to change the variable 
elsewhere within the loop. 


This for loop will output the first 12 square numbers: 
for {count = 1; count <= 12; count++){ 


alert(count * count); 


for/in 


If you have an objeci that you need to loop through 
each element, for example to output them all, you can 
use a for/in loop: 


var film = {title:"The House", 
genre:"Drama", length:96, 
releaseYear:2013}; 


Var count; 
for (count in film){ 
document .write(film[count]); 


} 


This code will output each of the elements within the 
object film. 
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while 


A while loop runs the code while a condition is true: 
Var count =Q) 
while(count <= 12){ 
document. .write(count * count); 


count++; 


) 


J 


This loop will display the first 12 square numbers. A 
counter (count) is declared before the loop. The value of 
this is checked in the condition to see if it is iess than or 
equal to 12. If it is, it enters the loop, otherwise it skips 
it and jumps to the code below the closing. Within the 


loop, this counter is incremented. 


A while loop does not need to use a counter. 
For example, 


var check = true; 
while(check = true) { 
document. .write("It’s true"); 


} 


At the moment this loop will run infinitely. While the 
variabie check is true, it will continue to run. This is a 


WORKED EXAMPLE 20.17 


not. 


20 Programming for the web 


common programming error. The variable would need 
to change within the loop so that at some stage it is no 
longer true. 

A break statement can be inserted into a loop to stop 
it running. For example, a loop could run forever, 

but a selection (if) statement within it could catch a 
condition that calls break. This will then break out 

of the loop. 


do/while 


In this loop the condition is checked at the end of the 
loop, which means the loop will always run at least once: 


var count <47 

do{ 
document .write (count * count); 
count++; 

\ 


while(count <= 12); 


In this example, 0*0 will always be output, then the 
value of count is checked and it decides if the loop will 
run again. 


Create a program that asks the user to enter their username and password. All valid usernames and passwords are 
stored in a 2D array (username in one index, password in the other). Output whether the user has got it correct, or 


First, set up the web page to iet the user enter a username and password, and click a button. 


<HTML> 

<BODY> 

Username <input type = "text" id = "txtUsername"> 

Password <inout type = "password" id = "txtPassword"> 

<button onclick = "checkUsername()">Enter</button> 
<SCRIPT> 
</SCRIPT> 

</BODY> 

| </HTML> 
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The input box is set to type password, this means that *s will appear instead of the password when text is typed into 
the box. 


Set up a global array with the valid usernames and passwords. 


<HTML> 

<BODY> 

Username <input type = "text" id = "txtUsername"> 

Password <input type = "password" id = "txtPassword"> 

<button onclick = "checkUsername()">Enter</button> 
<SCRIPT> 


var logins = [["test1","pass123"], ["test2","password"]]; 
g 


function checkUsername () { 


} 


</SCRIPT> 
</BODY> 
</HTML> 
Store the username and password entered. 


Loop through all the array elements and check the first index in each to compare the usernames. 


<HTML> 
<BODY> 
Username <input type = "text" id = "txtUsername"> 
Password <input type = "password" id = "txtPassword"> 
<button onclick = "checkUsername()">Enter</button> 
<SCRIPT> 
var logins = [["test1","pass123"], ["test2","password"]]; 


function checkUsername () { 
var username = document.getElementBylId("txtUsername") .value; 
var password = document.getElementById("txtPassword") .value; 
for(count in logins) { 
if (logins [count] [0] === username && logins [count] [1] == password) { 
alert ("Welcome") ; 


</SCRIPT> 
</BODY> 
</HTML> 
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Set a flag to track if they are let in. If they are not, output the username or password are incorrect. 


<HTML> 
<BODY> 
Username <input type = "text" id = "txtUsername'"> 
Password <input type = "password" id = "txtPassword"> 
<button onclick = "checkUsername()">Enter</button> 
<SCRIPT> 
var logins = [["test1","pass123"], ["test2","password"]] ; 


function checkUsername () { 
var username = document.getElementById("txtUsername") .value; 
var password = document.getElementById("txtPassword") .value; 
for(count in logins) { 
if (logins [count] [0] === username && logins [count] [1] == password) { 


alert ("Welcome") ; 


} 
if (flag == false) { 


alert ("Sorry that’s incorrect"); 


} 


</SCRIPT> 
l </BODY> 
| </HTML> 
PRACTICAL ACTIVITY 20.1 20.15 Timi ng events 
1 Create a web page that has a series of JavaScript has an inbuilt timer that lets you delay 
colours stored in an array. Use a loop to performing a task within a function, or perform an 
go through each eiement in the array and action at a set interval. 


output it on a new line on the web page. 


2 Create a web page that stores a number in a setTimeout 
variable. Use a loop to output the 12-times- 
table for this number. This allows you to set a delay before something happens, 
| for example before an output appears. The call follows 
3 Create a web page that stores a number in z the structure: 


| variable. Output that number of asterisks (*) ye ORTE 
on a web page setTimeout (function 


Event to delay; 
4 Create a web page that asks the user a 


question, such as what is the user's favourite }, timeToDelay); 
colour. It then searches through an array to The time to delay is in milliseconds: 3 seconds = 3000, 
output a sentence related to purple. 4 seconds = 4000 
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In this example, the prompt box appears after a two-second delay: 
setTimeout (function() { 
prompt("Do you want to continue?"); 


}, 2000); 


pO 


Create a web page that makes a line of text appear, then an image, then another line of text, then another image, 
with a two-second delay between each. 


WORKED EXAMPLE 20.18 


First, set up the web page; there needs to be space for two images, and two pieces of text. 


<HTML> 
<BODY> 
<p id="firstText"></p> 
<img src="" id="firstImage" width = 300 height = 300> 
<p id="secondText"></p> 
<img src="" id="secondImage" width = 300 height = 300> 
</BODY> 
</HTML> 


Write the function with each element on a separate delay timer. Call the timer when the website first loads (the body 
onload). 
<HTML> 
<BODY> 
<p id="firstText"></p> 


<img src="" id="firstImage" width = 300 height = 300> 
<p id="secondText"></p> 

<img src="" id="secondImage" width = 300 height = 300> 
<SCRIPT> 


function displaySequence() { 
setTimeout (function () { 
document .getElementById("firstText").innerHTMiL = "This is the first image""; 
}, 2000); 
setTimeout (function () { 
document .getElementById("firstText").src = IMG _1.jpg"; 
}, 4000); 


setTimeout (function () { 


document .getElementById("secondText").innerHTML = "This is the second image"; 
}, 6000); 
setTimeout (function () { 
document .getElementById("secondText").src = "IMG 2.jpg"; 
}, 8000); 
} 
</SCRIPT> 
</BODY> 
</HTML> 
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setinterval 


This allows you to make something happen repeatedly. 
For example, every two seconds you can output the 
same alert box. 


The call follows the structure: 


setInterval (function() { 
mYenE to repeat; 
}, timeBetweenRepeats); 


Tn this example the alert appears every second 


setInterval(function() { 
alert ("Hello"); 
},1000); 


In both set Timeout and set Interval, you can 
include more than one line. For example, this code 
declares a global variable, counter, and both outputs 
its valve then increments its value every second: 


var counter = 0 
function delayOutput () { 
setInterval(function() { 
alert(counter); 
counter++; 
},1000); 


} 


You can only have one delay running at a time, because 
JavaScript is not designed to keep multiple threads 
running; each interval will be one thread that is counting. 


WORKED EXAMPLE 20.1 Q 


Create a web page that outputs the next element in an 
array of colours every two seconds. 


First, set up the global array of colours, and a counter 
to keep track of how many have been output. 


<HTML> 
<BODY onload="sequence()"> 


<SCRIPT> 
| var colours=["grey", "purple", "red", 
"green", "yellow", "orange"] ; 
var counter = 0; 
</SCRIPT> 
</BODY> 
</HTML> 


Create the function to output the counter element of 
the array and increment counter. 


<HTML> 
<BODY onload=" sequence ()”> 


<SCRIPT> 
var colours=[“grey”, “purple”, “red”, 
“green”, “yellow”, “orange”] ; 
var counter = 0; 


function sequence () { 
setInterval (function () { 
alert (colours [counter] ) ; 


counter++; 
}, 2000); 
</SCRIPT> 
</BODY> 
</HTML> 


This could give an array out of bounds error because 
counter keeps incrementing, and if it gets to 6; there is 
no sixth element. So this needs catching and setting back 
to 0 using selection. 


<HTML> 


<BODY onload="sequence()”> 


<SCRIPT> 
var colours=[“grey”, “purple”, “red”, 
“green”, “yellow”, “orange”] ; 
var counter = 0; 


function sequence () { 
setInterval (function () { 
alert (colours [counter] ) ; 
counter++; 


if (counter > 5) { 


counter = 0; 
}, 2000); 
</SCRIPT> 
</BODY> 
</HTML> 
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Edit your story from previous tasks so that timers are usec to delay different parts of the story. For 
example, instead of displaying all of the text for one phase at a time, display one sentence, then the 
next, and so on 


2 Create a web page that displays an image every few seconds, and if the user clicks on the image then 
they get a point and the image is hidden. When they have gained 10 points, output a message telling 
them that they have won. 


S Create a program that tells a joke with an alert, after a set time the answer appears. 


4 Create an array of JavaScript terms and definitions. Every five seconds display another term and its 
matching definition. 


Edit Task 4 to become a test, the term appears first, and then after a short time the definition appears. 


20.16 String manipulation 


A string manipulaior allows you to perform actions on a string and extract information from it. When counting letters 
in a string, the first letter is letter 0, the second letter is letter 1, and so on. Spaces and all symbols all count as letters. 


Table 20.7 shows the most common string manipulation methods you may need. 


substring Return the letters word = "Hello World"; 
(startLet ; iti , 
7a - S from the position subword = word.substring(7,11); 
(PBC Le ers 7 of startLetter to 
endLetter subword will now hold "World" 
The variable, word, is used together with the operator, that is 
g p 
word. substring 
substr (start, Starting at the start | word = "Hello World"; 
Of); 
HOGE letter, return the subword = word.substr (2,4); 
noOf (number of) i ; 
| letters subword will now hold "1lo" 
replace("string", Finds the first string word = "Hello World"; 


"string") ; and replaces it with | neww 
the second string 


= word. 


replace ("World","Friends") ; 


neww willnow hold "Hello Friends" 


length Returns the length [wordL = "Hel Lo". length; 
of a string wordL will store 5. 


| concat ("stringi", Concatenate will = "Hello"’; 
i join string1 and 
string2 together. 


= "World"’; 
You can have more 


à = wordi .concat (wordl, space, word2)'; 
than iwo strings 


will now store "Hello World" 
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Stringi + Stringz 


wordl = "Hello", 


+ works in the same 
way as concat on a 
string and joins two 
strings together 


space 


word2 "World" : 


final = wordl + space + word2; 


final will now store "Hello World" 
word = "Hello"; 


toUpperCase () 


Converts the string 


to uppercase final = word.toUpperCase(); 


final will now store "HELLO" 


word = "Hello"; 


toLowerCase () Converts the string 


to lowercase final = word.toLowerCase(); 


final will now store "hello" 


charAt (number) Reiurns the word = "Hello"; 
character in the letter = word.charAt (4) ; 
string at location 
number letter will now store "o" 


Table 20.7: String manipulation. 


i % 
| war ED EXAMPLE 20.20 OX 


| r 

| Create a web page that generates a username for a user. The username uses the last three characters of their last 
name, the first four characters from their first name, and the year from their date of birth. Output their username to 
the user. 


First, set up the web page with space for all three pieces of data to be entered, and a button. 


<HTML> 

<BODY> 

First name <input type = "text" id = "txtFirstName"><br> 

Last name <input type = "text" id = "txtLastName"><br> 

Year of birth <input type = "text" id = "txtYear"><br> 

<button onclick = "createUsername ()">Create username</button> 
<SCRIPT> 
</SCRIPT> 

</BODY> 


</HTML> 
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Get the data from the text boxes when the button is clicked. 


<HTML> 

<BODY> 

First name <input type = "text" id = "txtFirstName"><br> 

Last name <input type = "text" id = "txtLastName"><br> 

Year of birth <input type = "text" id = "txtYear"><br> 

<button onclick = "createUsername()">Create username</button> 
<SCRIPT> 


function createUsername () { 
var firstName = document.getElementById("txtFirstName") .value; 
var lastName = document.getElementById("txtLastName") .value; 
var yearBirth = document.getElementById("txtYear") .value; 
} 
</SCRIPT> 
</BODY> 
</HTML> 


Get the characters you want from the variables. 


<HTML> 

<BODY> 

First name <input type = "text" id = "txtFirstName"><br> 

Last name <input type = "text" id = "txtLastName"><br> 

Year of birth <input type = "text" id = "txtYear"><br> 

<button onclick = "createUsername()">Create username</button> 
<SCRIPT> 


function createUsername () { 
var firstName = document.getElementById("txtFirstName") .value; 
var lastName = document.getElementByld("txtLastName") .value; 
var yearBirth = document.getElementById("txtYear") .value; 
firstName = firstName.substring(0,3) ; 
var lengthLN = lastName. length; 
lastName = lastName.substring(lengthLN-3, lengthLN) ; 
} 
</SCRIPT> 
</BODY> 
</HTML> 
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CONTINUED 


Concatenate the data and output it. 


<HTML> 

<BODY> 

First name <input type = "text" id = "txtFirstName"><br> 

Last name <input type = "text" id = "txtLastName"><br> 

Year of birth <input type = "text" id = "txtYear"><br> 

<button onclick = "createUsername()">Create username</button> 
<SCRIPT> 


function createUsername () { 
var firstName = document.getElementById("txtFirstName") .value; 
var lastName = document .getElementById("txtLastName") .value; 
var yearBirth = document.getElementById("txtYear") .value; 
firstName = firstName.substring(0,3) ; 
var lengthLN = lastName.length; 
lastName = lastName.substring(lengthLN-3, lengthLN) ; 
username = lastName + firstName + yearBirth; 
alert (username) ; 
} 
</SCRIPT> 
</BODY> 
</HTML> 


RA 


Open file 20.07.html 


ICAL ACTIVITY 20.21 


Create a form that takes a person's first 


) name, second name and favourite number. 
Amend the program to take two words as input, 


and then output alternate letters from each word 
until there are no letters left in one word. 


Create a username for them in a function, 
using the first letter of their first name, their 
second name and their favourite number. 
Output their username in a sentence. 


For example, ‘horse house’ wou!d output 
‘hhoorussee’, and ‘red yellow’ would output r’'yeed|' 


20.17 Comments 


PRACTICAL A comment is text that you add to your code, which 
the interpreter (the software that runs your program) 
1 Create a program that stores the first name, does not run. Comments can be used to make notes 
second name and age of a person. Output about how your code works so other developers can 
these in a sentence, for example Roberto understand what you have done. 


Mantovani you are 20 years old. ; f 
To add a comment, write //, then anything after that 


Create a program that stores the first name will be a comment. For example: 
and second name of a person in variables. 
Combine and output the first two leiters of 


N 


var count = 0; //number to act as 
// counter in loop 


their first name with the first two letters of while(count <= 12){ //loop 0 to 12 
their second name. 


//displaying squere numbers 
document .write(count * count); 
//output square numbers 
count++; //increment counter 
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You can make a comment go over several lines without some 

having to put // in front of cach line. Start the comment 

with /* and end it with «/. For example: The some method checks if at least one item meets the 
condition: 


/* This program will generate the username 


Function equalTen(item 
It takes 3 characters from the last name aa 7 q ( { 


i return (item == 10); 
And 2 characters from the firstname */ ( ) 


be: 


var numbers = [10, 20, 30, 40, 50, 60]; 


Ra CTICAL ACTIVITY 20.23 


Open your story program and add comments to 
| explain the main elements of the code. 


20.18 Iterative methods 


v 


var someCheck = numbers.some(equalTen); 


This time, the method will return true, because at least 
one of the elements is equal to 10. 


filter 


The filter method will return an array with all the 


An iterative method is a function (or task) that elements that meet the criteria: 
i ol i E ; 
is repeated, for example applied to each element E E E EE E E E 
in an array. 
array) { 
return (item <= 35); 
eve ry 


cgherati A : 
This ite rative method will check every element in an var mmbers = i0, 20, 30; 20; 50; 60l: 
array against a condition. It will return true if every 


item meets the condition, or false if at least one element var filterArray = numbers. 

does not meet it. filter(lessThirtyFive); 

This time, the method will return [10, 20, 30] because 
these are all the elements that are less than, or 

equal to, 35. 


The following code creates a function called isTen with 
item as a parameter. 


function isTen(item){ 


return (item == 10; 


forEach 


forEach runs a task, or command, on every element 
within the array. It does not return any value: 


Ye 


An array, numbers, is declared. The function isTen is 
applied to the array using the every method: 


var numbers “= [10, 20, 30, 40, 50, 60]; function addOne(item, index, array) { 


var everyCheck = numbers.every(isTen); ee) = See ey 


: document .write(item); 
This code: ( ) 


} 


var numbers = [10, 20, 30, 40, 50, 60]; 


e declares an array called numbers 
e calls an every method and sends the array elements 
using the code function(item, index, array) numbers.forEach(addOne) ; 


e the condition is item == 10 This time, the method will take each item, add 1 to it, 
then output the new value. The actual value stored in 


e the result of this is returned and stored in the the array is not changed. 


variable everyCheck. 


It will return false, because not all elements in 
numbers are equal to 10. 


NT CES SF ————(“(‘“‘ i‘ 
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map 
map runs a task, or command, on every element within 
the array and returns the new, edited array: 
function mapvOne(item, index, array) { 
item = item + 1; 
} 


var numbers = [10, 20, 30, 40, 50, 60]; 


var mapArray = numbers.map(mapOne) ; 


WORKED EXAMPLE 20.21 


Create a web page that checks if every number stored 
in an array is greater than 0. 


First, set up a button to run the code. Set up an array 
with numbers. 


<HTML> 
<BODY> 


<button onclick = "checkValues()">Create 
username</button> 


<SCRIPT> 
var numbers = [-1, 0, 2, 5, -6, =8; 
1.5, 6]; 
| function isGreaterThan0 () { 
} 
</SCRIPT> 
</BODY> 
</HTML> 
In the function, add the three parameters and the 
condition. 
<HTML> 
<BODY> 


<button onclick = "checkValues()">Create 
username</button> 


<SCRIPT> 
var numbers = [-1, 0, 2, 5, -6, -8, 
1,5, 6); 


function isGreaterThanO(item, index, 
array) { 


| return(item > 0); 
</SCRIPT> 
</BODY> 


</HTML> 


This time, the method will take each item and add 1 to 
it. It will return the following edited values that are now 
stored in mapArray: 11, 21, 31, 41, 51, 61. 


Call the function from the array. 


<HTML> 
<BODY> 


<button onclick = “checkValues()”>Create 
username</button> 


<SCRIPT> 
var numbers = [-1, 0, 2, 5, -6, -8, 
1.55.6) 7 


function isGreaterThan0O(item, index, 
array) { 


return(item > 0); 
} 
function checkValues () { 


var result = numbers. 
every (isGreaterThan0) ; 


alert (Result); 
</SCRIPT> 
</BODY> 
</HTML> 
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N This code checks if the value of x is greater than 20. 


PRACTICAL ACTIVI 
If it is, it sets the error (e) to be "over 20". 
1 Create an array with a series of numbers. 


If it isn’t, it compares it to <= 10. 

a Create a function that will multiply each 
number in the array by two and output 
the result, but do not store the result. 


If it is, it sets the error (e) to "less than 11". 


The catch takes this error, if it is generated, and then 
. . ; displays it. 
b Create a function that will multiply each 


number in an array by ten, store the This code can be used to validate data on entry. 


results and output them. Using ifs in this way will ensure all conditions are 
met, whereas a case statement may not catch all 
c Create a function that will check if any of possible errors. 


the numbers are greater than 20. 


d Create a function that wil! check if all the 


PRACTICAL ACTIYT5 ¥ 
numbers are greater than 20. E 


1 Create a web page that asks the user to 
guess a stored number that is between 
1 and 100. Throw appropriate errors if 
numbers outside of this range are entered. 


e Create a function that will return an 
array with al! elements in that are 
greater than or equal to ten. 


N 


Create a web page that asks the user to 
enter registration information for a website. 
Throw an error if any inappropriate or 
invalid data is entered, for example an 
20. 1 9 Tra p errors inappropriate date of birth. 
Errors can occur in a variety of places in a program and 
for a variety of reasons. For example, a user may have 
input invalid data, a calculation may not be possible or 
on the wrong data type, or the programmer may have 
made an error themselves. These errors might stop the 
web page working. 


3 Ask a partner to feedback on your web 
pages. Discuss what other features you 
could add to enhance the pages. Add any 
of the comments that you feel would be 
appropriate. 


To trap these errors, try and catch code is used. Within 
the try block are the statements that are attempting to 
run. You can throw a specific error message to be output 


after each statement. The catch block states what to do 20 : 20 J si n g exte rna | 


with the error message 1f generated: 


var x = 21; scripts 
try{ You can write your JavaScript code in a 
if(xs20) throw "over 20"; separate document and then import it into your 
HTML document. 


if(x<=10) throw "less than 11"; 
4 Create a separate document and write your JavaScript 
j code inside it. Save the file with a sensible name and the 


catch(e) { extension .js 
message.innerHTML= e; Inside this document write the JavaScript code that 
} would usually go within the script tags, for example: 
var valuel = 5; 
var value2 = 10; 


document .write(valuel * value2); 
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You then call this code within your HTML document. 
The name of the file goes within the script tag, in this 
example the JavaScript file javascriptparagraph.js 
is being imported into this webpage: 


How did you solve errors that you 
encountered while writing web pages? 


<html> 2 What approach did you take to solving a 


task? Did you plan the web page first, or 
start programming straight away? Why did 
you choose this approach? 


<script src="javascriptparagraph.js"> 
xe/dcript> 


</html> 


3 Did you find any extra code that was outside 
of the requirements? How did you learn 
how to use this code? Did you learn better 
through independent experimentation? 


PRACTICAL ACTIVITY 20.26 


Take one of the webpages you created as part of 
this unit. Remove the JavaScript code and put it 
into a separate document. Remember to give the 
file the extension .js 


Import this external JavaScript file into your 
HTML program. 


EXAM-STYLE QUESTIONS D 


1 Kim runs a theme park. She wants a web page to allow a customer to submit a question. The web page must: 
e include space for the customer to enter their first name, last name, query, and email address 
e check that none of these data items have been left blank 
e check that the email address includes an @ symbol 
e give the user a confirmation that their request has been submitted (if there is no error). 
Suitable error messages must be used if any of the requirements are not met. 
Add comments to explain each JavaScript construct used. 


a Create the web page aud error messages. [11] 
b Explain why comments are added to the code of a website. [3] 
c Explain the importance of trapping errors and giving appropriate error messages in a web page. [4] 
d Kim would like an image adding to the web page. When the user moves their cursor over the Image 1 


s 


4 


i à 
$ ray, twee 


cor. 
f jE (AN 
Figure 20.2: Image 1. Figure 20.3: Image 2. 
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CONTINUED , AO) -O 


it should change to the second Image 2 from the provided fites, and 


Edit the web page for Kim. [3] 
[Total 21] 
2 Terry owns a restaurant. People can put in a request for a reservation using an online form. 
The form needs to allow a user to: 
e select a day from Tuesday, Wednesday, Friday, Saturday or Sunday 
e select a time (bookings are made every half an hour from 17:00 to 20:30) 
e enter the number of people; there is a minimum of 1, and a maximum of 10 
e select whether they would hie the set menu, or not 
e enter their name and a contact telephone number. 


a Create the web page. Make sure all fields have been validated so oniy acceptable data can 
be entered, and cannot be left blank. There should be suitable error messages if any data 
is not valid. The data should only be successfully submitted if it is all valid. [12] 


b Comment on your code from part (a) to explain the key constructs used. [2] 
c Explain how you used selection in your answer to pait (a). [3] 
[Total 17] 

3 Two loops are while and do while. 
Explain the difference between how these two types of loop run. [2] 
4 Describe what an array is in programming [3] 


SUMMARY CHECKLIST 7, © 


I can add interactivity to weh pages. 


I can change HTML content and styles. 
I can show/hide ETML elements. 


I can display data in different ways. 


I can react to common HTML events. 


I ca% provide user interaction. 


I can create statements. 


| can create loops for iterative methods. 


I can create functions. 


I can use timing events. 


I can add comments to annotate aid explain code. 


I can describe the structure and syntax of JavaScript code. 


I can describe a range or object-based JavaScript programming and terras. 


Nn o Ooo 


516 X 


Copyright Material - Review Only - Not for Redistribution 


Answers 


2 Answers 


1 — Data processing and 
intormation 


4 


10 


11 


12 


For example, #000000 (there must be no 
explanation, just the data). 


For example, context is added to #000000 because 


we are told it is a colour code. Meaning is added by 


telling us it is the colour code tor black. 
For example, measure it himself. 


For example, accept measurements given by 
the customer. 


For example, he can rely on the measurements he 
has taken himself to be accurate. 


Accuracy, relevance, age, level of detail, 
completeness. 


The user guide could be written for an old 
operating system that has since been updated on 
the phone. 


WELL DONE 


To ensure data that is input matches the 
source data. 


Presence, range, type, length, format, check 
digit, lookup. 


Data can match the rules but still be incorrect (for 
example, date of birth of 29/1/13 matches the rule 
of a data type bui it may be that the date should 
have been 29/1/03). 


Data can be checked against the source, but the 
source maybe incorrect (for example, the name 
‘Siohan’ is written on the original source and is 
visually checked to have been entered as ‘Siohai’ 


but the actual spelling should have been ‘Siobhan’). 


e When a customer makes a payment, they will 


phone the telephone company and an operator 


will record the payment using a graphical user 
interface as an interactive process. 


13 


At the end of each month, the telephone 
company will produce the telephone bills 
overnight by reading data about phone calls 
and payments from the transaction files and 
updating the master file as a batch process. 


A video-conference requires participants to be 
able to see and hear each other at the time that 
communication takes place. 


If the conference is not in real-time, then the 
participants will be waiting to hear what other 
participanis have said — and this may be several 
seconds or minutes after it has happened. 


Real-time is required so that the participants 
can communicate at the same time with each 
other rather than having to wait long periods 
of time before being able to respond. 


Exam-style questions 


1 


2 


Data that has context/meaning [1], for example, 
EW1 5RG is a postcode [1]. 


a 


c 


Any four from the following [4]: 


Credit card information is sensitive [1] because 
it could be used for fraud [1]. 


HTTPS is an encrypted method of passing 
information over the web [1] which will mean 
the credit card information will be scrambled [1] 
and unusable by anybody without a key [1]. 


The sender encrypts the message using an 
encryption key [1]. The same key is used to 
decrypt the message by the recipient [1]. 


Any two from the following [2]: 


The sender uses the public key of the recipient 
to encrypt the message [1]. The message is sent 
in an encrypted format [1]. The recipient uses 
their private key to decrypt the message [1]. 
The sender and recipient need to exchange 
digital certificates [1]. 
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d For example, the user could be asked to enter 


their password twice [1] or the user could type 
their password and then visually check it [1]. 


To ensure that data matches a given set of 
rules |1]. 

For example, presence check [1] to ensure news 
story [1] is present [1]. 


Or, for example, format check [1] to ensure 
email address [1] contains @ symbol [1]. 


4 All of the following [4]: 


6 Any three from the following (2 marks for each) [6]: 


An online processing system processes data in 
transactions 


... whereas a real-time processing system 
process data as soon as it is input. 


Online processing systems are often used 
in booking systems, where all the data 
for the transaction can be collected and 
then processed 


... whereas real-time processing systems are 
used when the immediacy of the data is vital, 
such as air traffic control systems. 


\ny two from the following [2]: 


A collection of fields about a main element of 
a data system. 


Stores all of the more permanent data about 
the customer / employee. 


A transaction file is normally used to update a 
master file. 


Stores information about minimum stock 
levels that should be maintained for each 
product — these will depend upon how quickly 
stock 1s used and how long it takes to order 
new stock. 


Stores information about up-to-date current 
stock levels of each product. 


Stores information about re-order amounts 
for each product — how many of each product 
should be ordered when the minimum stock 
level has been reached — these will depend 


upon how quickly stock is used and any 
discounts that are applied for bulk purchasing. 


Stores information about planned deliveries of 
replacement stock. 


Stores information about the cost of 
purchasing each product and, for the 
retail industry, the prices to be charged for 
each product. 


Stores information about dates that each batch 
of stock was supplied so that the oldest stock 
can be used first. 


Stores information about suppliers that can be 
used to supply each type of product. 


Stores information about location of each 
product in stock so that it can be found 
when needed. 


7 Any four from the following [4]: 


s 


System stores current stock level, minimum 
stock level and re-order amount. 


As each stock item is sold or used, the current 
stock level is reduced by one. 


When the current stock level reaches the 
minimum stock level, a new order for stock 
is placed. 


The amount ordered for the stock will be the 
re-order amount. 


When the stock delivery arrives, the number 
of items received is added to the current 
stock level. 


2 — Hardware and 
software 


1 Any two from the following [2]: 


serving multiple terminals 
serve ATMs 
host business databases 


host web sites 
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10 


11 


12 


13 


Answers 


e transaction processing 
e batch processing 
e statistical analysis. 


Any two from the following [2]: 

e quantum mechanics calculations 
e weather forecasting 

e climate research. 


Reliability, availability and serviceability. 


Data centres / mainframes / supercomputers 
generate a lot of heat so natural cold air can be 
circulated, which is cheaper than artificial cooling. 


MFLOPS measure floating point instructions per 
second and supercomputers use floating point 
instructions for scientific calculations. 


Allocating memory to software; sending data and 
instructions to output devices; responding to input 
devices such as when a key is pressed; opening and 
closing files on storage devices; giving each running 
task a fair share of processor time; sending error 
messages or status messages to applications or 
users; dealing with user logons and security. 


To translate source code into object code ready for 
execution. 


When testing a program, an interpreter can 
translate just the code that is being tested which 
saves translation time; source code can be 
translated into object code for more than one 
operating system. 


For example, antivirus; backup; data 
compression; disk defragmentation; format; file- 
copying; deleting. 


To stop viruses or malware from being executed 
and causing damage to files and programs 


Software that already exists and is readily available 
to be purchased. 


For example, the client has to wait a long time 

for it to be developed; it is expensive because the 
client has to cover the whole development cost; the 
software won’t have been used by other customers 
before so bugs are likely to be found when the 
software is used; the only support avaiiable will be 
from the company that developed the software. 


The device may not have much memory to carry 
out complex operations. 


14 Any two trom the following [2]: 


e they are difficult to learn 
ə users have to remember the commands 


e typing errors can be easily made. 


15 Windows, Icons, Menus, Pointers. 


16 Examples are: 


No hands are required [1], which makes them useful 
when cooking / driving a car [1]. 


The user does not need to have access to a physical 
device [1], which means commands can be given 
from anywhere in a room [1]. 


Exam-style questions 


1 


3 


a 1 MiPS [1] or FLOPS / MFLOPS [1]. 


b Reliability: Disruption to a mainframe 
computer could be extremely expensive when 
lots of users are affected [1] so it’s important 
that hardware is self-checking and can recover 
automatically [1] / so it’s important that 
software has been tested extensively to avoid 
failure [1]. 


Availability: Mainframe computers can be 
used by thousands of users at a time [1] so it’s 
important that the system is available at all 
times [1]. 


Serviceability: Mainframe computers can be 
serving users or batch processing tasks 24 hours 
a day [1] so any downtime for upgrades or 
replacement hardware needs to be minimal [1]. 


The device driver includes instructions for 
the printer [1] so the operating system can 
communicate with the printer [1]. 


a Any from the following [4]: 


Data is stored in track sectors [1] which are 
segments of a track [1] on a magnetic platter 
[1]. The read/write head moves to the correct 
track [1] and magnetises/demagnetizes sectors 
[1]. Data is stored in clusters of adjacent track 
sectors [1] (where possible). 


b Over time data has been deleted from the disk 
[1] leaving only small clusters of space [1] 
meaning that new large files have to be written 
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9 


across multiple clusters [1], which will be in 
different locations on the disk [1]. 


Any six from the following [6]: 


Custom written software will meet all of the 
requirements for waste management [1] because 

it is written especially for the council [1]. Custom 
software can be designed especially to be 
compatible with existing systems [1] such as the 
web interface used by residents [1]. Custom written 
software will be very expensive [1] compared 

with off-the-shelf software [1]. The council will 
have to wait a few months [1] for the system to be 
developed for them [1]. There may be very good 
alternative off-the-shelf solutions [1], which would 
be able to be used instantly [1] at a much lower 
cost [1] and with a lot of support available [1]. In 
conclusion, the councii should investigate existing 
off-the-shelf solutions before committing to the 
cost and development time of a custom-written 
solution [1]. 


a Any three from the following (3 marks each 
point) [9]: 


e —_ Labels [1] text that can’t be edited by 
user [1], for example, an instruction to 
the user [1]. 


e Text boxes [1] for the input of text [1], for 
example, input of a postcode where waste 
collection has been missed | 11. 


e Tick boxes [1], which can be selected or not 
selected [1], for example, selecting which 
waste collections have been missed [1]. 


e Option buttons / radio buttons [1] where 
only one option can be selected from a 
group [1|, tor example, selecting whether it 
is Just one property or the whole street that 
has been missed [1]. 


e Drop down box / combo box / list box [1] 
where user can select an item from a list 
[1], for example, selecting an address for a 
postcode [1]. 


e Buttons [1] that user can click on to 
confirm an action [1], for example, to move 
to the next question about the missed 
collection [1]. 


e Spinner [1] which can be used to select a 
number by increasing/decreasing value [1], 
for example, number of people who live in 
a household [i] 


b Any two from the following [2]: 
e Command Line Interface / CLI [1] 
e dialogue / voice-controlled interface [1] 
e gesture (based) interface [1] 


e menu interface [1]. 


6 Any two from the following (2 marks each 


point) [4]: 


e Compiler translates source code all at once [1]; 
interpreter translates one line at a time [1]. 


e Compiled code will only work on target 
operating system [1]; interpreter can translate 
code for curreut operating system [1]. 


e Compiled code is ready to be executed 
immediately [1]; interpreter has to 
generate code a line at a time which delays 
execution time [1]. 


> Compiling code can take a while to complete 
[1]; interpreting parts of code can be done 
immediately for on-the-fly testing [1]. 


3 — Monitoring and 
control 


1 


Students may notice things like: 

e =the temperature of the room 

e any sounds in the room 

e any sounds outside the room 

e = how light it is in the room 

e whether anyone is moving in the room. 


Infrared sensors can collect data about the infrared 
radiation given off by lifeforms. 


Electromagnetic field sensors collect data about 
electromagnetic fields that are often given off by 
man-made electronics. 


Touch sensors can collect data about force/pressure 
or about electrical fields. A resistive touch sensor 
collects data about the pressure that is placed upon 
it. A capacitive touch sensor collects data about 
changes in an electrical field. 


A proximity sensor collects data about how close a 
nearby object is. This can be done through emitting 
an electromagnetic field, or infrared light and 
measuring the change in return. 
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Answers 


3 a A sensor could provide incorrect readings if it 
has not been calibrated correctly or the sensor 
hardware may be faulty. 


b A contro! system will be reliant on the accuracy 
of the readings from the sensor. If the sensor is 
measuring a dangerous situation, then human 
lives could be at risk if the control system does 
not take the correct safety action. 


4 A pH sensor could be used to measure the level of 
pollution in the river. The pH sensor could be placed 
in the water and continually send data back to a 
microprocessor. The microprocessor can check the 
data against a storage range of values. The stored 
range of values represent the correct pH level for 
the river. If the data from the sensor falls outside 
this range, an alert can be raised to tell staff at the 
factory that there may be pollution coming from 
the factory into the river. The factory can then 
investigate this. 


The data from the sensor could also just be 
continually collected and stored on a computer, 
so that an employee at the factory can manually 
analyse the data to see if there is any change in 
the pH that might indicate that pollution from the 
factory is present in the river. 


5 a Possible flow chart could be: 


< wre 


Sensor j 
collects data | 


| Data converted from 


analogue to digital 


ad 
Microprocessor 
analyses data 


Heater 
turned on 


ff 


Signal sent 
to actuator 


Signal sent 
to actuator 


b e Closing the window when too cold. 


e Turning off the heater when too hot. 


SSN 


Possible algorithm could be: 


Infrared sensor continually sends data to 
microprocessor. 


Data is converted from analogue to digital so 
that it can be processed. 


Microprocessor compares data received from 
sensor to stored values. 


If the data is outside the accepted range, the 
microprocessor sends a signal to sound an 
alarm. It will also send signals to actuators to 
trigger metal bars to drop to block each door 
and window. 


Possible flowchart could be: 


Acoustic sensor 
collects data 


i 


Data converted from 
analogue to digital 


| 


Microprocessor compares 
data to stored values 


Microprocessor 
sends signal 


l 


= 4 Alarm sounds / 


Possible algorithm could be: 


` 


ea 


Pressure sensor continually sends data to 
microprocessor. 


Data is converted from analogue to digital so 
that it can be processed. 


Microprocessor compares data received from 
sensor to stored values. 


If the data is < 5kg, the microprocessor sends 
a signal to sound an alarm. It will also send 
signals to actuators to trigger metal bars to 
drop to block each door and window. 
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Exam-style questions 


1 Itis an input device that collects data from the 
surrounding physical environment. [1] 


2 Itis an integrated circuit that is used in monitoring 
and control systems. [1] 


3 Itis a type of motor that is used to move and 
operate another mechanism or systems.. [1] 


4 Any three from the following [3]: 
e Take two different readings with the sensor 


e Compare the readings to a device measured at 
the ideal standard. 


e Calculate the range for the sensor readings 
by subtracting the low reading from the 
high reading. 


e Calculate the range for the ideal readings 
by subtracting the low reading from the 
high reading. 


e Use a formula to calculate the correct value for 
each reading. 


5 Any two from the following [2]: 


o It means a human doesn’t need to carry out the 
task of analysing the data. 


e Automatic action can be triggered as a result 
of the analysis by the microprocessor. 


e A microprocessor is likely to be more accurate 
than a human when analysing data. 


6 Allof the following [4]: 


e A monitoring system takes in data readings 
and simply records them for human analysis 


e ... or can output a simple alert so that manual 
action can be taken. 


e A control system requires no human 
inieraction. 


ə A control system takes in data readings tha 
are analysed and an automated action is taken. 


7 Any five from the following [5]: 


e The touch sensor continually sends data to the 
microprocessor. 


e The microprocessor converts the data from 
analogue to digital. 


e The microprocessor compares the data to 
stored values. 


ə If the cooling liquid level is too low, the 
microprocessor sends a signal to an actuator 
to open a value and allow more cooling 
liquid to enter. 


e If the cooling liquid level is too high, the 
microprocessor sends a signal to an actuator 
to open a value and allow cooling liquid to 
drain out. 


e The process will be continually repeated until 
the system is switched off. 


All of the following [5]: 

e Input for sensor. 

e Process for converting data to digital. 

e Process for comparing data. 

e Decision for comparing data to 12 microns. 


ə Process to send signal to turn screen off if 
greater than 12 microns. 


e Screen turns on/stays on if less than 
12 microns. 


Possible flowchart: 


a a 
Proximity sensor 
collects daia 


v 


Data converted from 
analogue to digital 


Y 
| Microprocessor compares 
data to stored values 


Screen turns 
on / stays on 


Microprocessor 
sends signal 


Screen turns off 
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Answers 


4 — Algorithms and 
flowcharts 


1 A series of steps that perform a task or solve 
a problem. 
A series of steps, flowchart, pseudocode. 
A rectangle with rounded corners . 
The text ‘Enter a number’ is output. 


The user inputs a number, it is stored in the 
variable number. 


The words ‘Your number is’ and the contents of the 
variable number are output. 


5 An operation that changes something. 
6 Power of 

7 x=3*7 

8 


The user inputs two numbers, the first is stored in 
the variable num1, the second in num2. 


The number in num1 and num2 are added together 
and stored in the variable total. 


The value of num] is output, with a + symbol. 
then the value in num2, then an = sign and then the 
value in total. 


The value in total then becomes the value in num] 
minus the value in num2. 


The value of num] is output, with a — symbol, then 
the value in num2, then an = sign, and then the 
value in total. 


9 2 
10 Code is run dependent on a condition. 
11 Yes 


14 Code is repeated a set number of times or until a 
conditions is met or unmet. 


15 Code is repeated a set number of times. 


10 When you know the number of times iteration must 
take place. 


17 Starting value, end value, amount value changes in 
each loop. 


18 When you don't know how many times a loop 
should run, or the loop runs until a condition is 
met or unmet. 


20 A section of code, that has its own name, that is 
separate from the main program and can be called 
from anywhere in the code. 


21 To create reusable components. 
To avoid repeated code. 

22 A value that is sent to a subroutine. 

23 A construct within another construct, e.g. selection 
inside iteration. 

24 Change decision box from 'Is counter = 10?' to 'Is 
counter = 20?" 


25 largest = -9999 

FOR counten 0 to 50 
INPUT number 
Tf number > largest THEN 

largest = number 

ENDIF 

NEXT counter 

answer = largest * largest 

OUTPUT answer 


Exam-style questions 

1 Series of instructions; Flowchart; Pseudocode [2]. 
2 Process; Input/Output; Start/Stop [3]. 
3 20[1]. 
4 


Change process box 'answer = count * 5' to 'answer 
= count * 9' [1]. 


5 Change continue = False to continue = True [1]. 


6 a- generate! [l] 


b Two] 
c symbol; number; valuel; value2; outputS; 
count [2] 


do 444% 11], 
7 | mark per bullet [6]. 
e Start and stop symbol. 
e Looping from 0 to 100 (or equivalent) 
e —_... using correct selection statements. 


e A mechanism for working out if it's odd 
(mod or incrementing by 2). 


e  Outputting the numbers. 

e Correct data flows with no lost connectors. 
8 1 mark per bullet f9]. 

e Taking two numbers as input. 


e Taking a symbol as input. 
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e Checking if the symbol is + 


... and all other symbols. 


Use of a subroutine for one calculation 


e _... that has the two numbers as parameters 
e —_... and performs the correct calculation 
e __... and outputs the result. 


All other subroutines work correctly. 


5 — eSecurity 


1 


e A VPN can improve security as it encrypts 
data that is sent across the network. 


e A VPN can allow data to be sent anonymously, 
so if data is intercepted, the intruder may not 
be able to find the identity of the sender. 


It is a type of malicious software. When it is 
unknowingly mstalled on a user’s computer, it can 
allow a hacker to have remote access and control of 
a computer system. 


The Confiker worm targeted windows operating 
system. It infected millions of systems. Its purpose 
was unclear as the authors never used much of 

its potential. It created the ability for the authors 
to install and run software on computers from a 
remote location. It could also be used to remotely 
control those computers and use them in some 
type of botnet attack. One popular method that 
the worm used to spread was through the use of 
memory sticks. 


This caused many businesses to ban the use of 
memory sticks for transporting data and anti-virus 
and anti-malware software to be repeatedly run 

on computers on a network until the worm was no 
longer detected. It can still, however, be detected on 
many computers today. 


Many companies were making use of spyware to 
monitor the actions of users online. This data was 
being analysed and collated and results could be 
sold to target users in what was felt to be unethical 
ways, e.g. targeting specific people with certain 
kinds of voting marketing to try and influence their 
choices further. 


The GDPR is a regulation that now exists to make 
sure that data is not collected and sold in this way 
without a user’s consent. The law requires users 

to be transparently informed about what data is 
collected about their online habits and how that 


data wili be used. It also gives them the right to 
decline the collection of their data. 


Mobile phones are often infected with spyware as 
it is buried into the download of apps. This is why 
it is important to make sure that only trustworthy 
apps are downloaded. 


Spyware can be used to track data such as contacts, 
images, call logs, messages, browsing habits and it 
can make audio recordings of calls. 


One example of its use is to hide a rootkit on a CD/ 
DVD that is downloaded onto the user’s computer 
when the CD/DVD is inserted. The rootkit could 
be used to limit the user’s ability to copy the CD/ 
DVD. This can siop user’s creating pirated copies 
of the CD/DVD. 


a Search engines use bots as web crawlers to build 
an index of all the webpages available on the 
world wide web. 


b User’s computers are infected with malware 
that turns the computer into a bot. The name 
given to a computer in this state is a zombie 
bot. When a perpetrator wants to launch an 
attack on a web server, to bring it down, it 
wakes up all the zombie bots, by accessing them 
from a remote location, and causes each bot to 
send numerous requests to the webserver. All 
the bots together create a bot net. 


The practice of POLP is based on the principle that 
a user should only be given access to the data and 
resources that they required for legitimate reasons. 
This is created by making sure that every user or 
process in a system should have the least authority 
possible to perform the job. 


Exam-style questions 


Any three from the following [3]: 

e = Set strong passwords. 

e Encrypt personal data. 

e Use a firewall to monitor traffic. 


e = Regularly scan computer with detection and 
prevention software. 


e Only visit and use trusted sources. 


e Do not open any email attachments from 
unknown and untrusted sources. 


e = Check the URL of any link. 
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Answers 


Be cautious about any personal data shared. 


Set all privacy setiings to the most 
secure setitug. 


Report and block suspicious activity. 


2 Phishing involves clicking a link in an email that 
takes a user to the fake website, whereas pharming 
downloads malicious code onto a user’s computer 
tbat redirects them to the fake website [1]. 


3 Allof the following [2]: 


They can both involve a user receiving a 
fake email. 


They are both designed to collect a user’s 
personal data. 


4 Any four of the following [4]: 


virus e adware 

trojan e rootkit 

worm e malicious bots 
spyware e ransomware. 


5 All of the following [5]: 


Firewall monitors incoming and outgoing 
traffic from a computer system. 


User can set rules and criteria for the data, 
which could include detecting known viruses. 


User can close certain ports on firewall that are 
often used by hackers to infiltrate a firewall. 


Firewall compares traffic to rules and 
criteria set. 


Firewall can decline iraffic if it does not meet 
the rules and criteria set. 


6 Any five of the following [5]: 


A user conid click a link / open an attachment 
/ download software that could trigger the 
download of spyware onto the user computer. 


The spyware could be software, such as a 

key logger. 

The spyware will record all the keypresses the 
user makes. 

The recorded keypresses are sent to a 

third party. 


The third party analyses the data looking for 
patters and trends. 


If a patter is identified, this could be data that 
is used as a password. 


A rootkit is a computer program that enables a 
person to gain administrator access to a victim’s 
computer [1]. 


Any one of the following (2 marks per bullet) [2]: 
e Set a strong password for the computer. 
e Only download data from trusted sources. 


e Don’t insert a USB that you find into 
your computer. 


All of the following [2]: 
e Steal a user’s personal data. 


e Use the user’s computer as part of a larger 
cyber security attack. 


It encrypts the data [2]. 
Any two from the following [2]: 
e Store data in the cloud. 


e Keep an up-to-date backup of data, away 
from the computer system. 


e Only open and use software from 
trusted sources. 


6 — The digital divide 


1 


a 


If a person does not have high-speed internet, 
they may not be able to use all the resources 
available on learning platforms, such as 
streaming videos and taking part in video- 
conferences. 


This could increase the digital divide between 
those living in a city and those living in rural 
locations. It is likely that those living in a rural 
location will not be able to get as high speeds 
for their internet connection as those in a city. 


They may not be able to use facilities such as 
video conferencing (e.g. facetime and skype) on 
their mobile telephone, so they cannot enjoy the 
increased communication method that seeing 
the other person face to face can bring. 


They may not be able to access their social 
media and the instant messaging facilities that 
are often built into social media platforms. 
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c The lack ability to communicate using these 
services may make them feel isolated and they 


may feel like they are left of out of online social 


situations. 


3 They may have better access to high education. 


They may have better access to job opportunities 


and promotion prospects. 


4 Possible responses could be: 


D 


Exam-style questions 


1 The term refers to the technology divide between 
countries, demographic groups and economic 
areas [1]. 


2 Any two from the following [2]: 


people living in cities vs people living in 
rural areas. 


people educated in using technology vs people 
uneducated in using technology. 


older people vs younger people. 


Sending a list Writing them Sending them a ; ; 

of places you aleterand | text message. e areas that are more industrially developed vs 
want to visit, to | sending it by areas that are less industrially developed. 

a friend. post. e different socio-economic groups. 


Arranging to Calling them Calling them 3 All of the following [4]: 
meet a friend on a landline on a mobile e ‘The infrastructure in place to allow the use 
for lunch. | telephone. telephone. of effective technology can differ greatly 
f l f depending on a person’s geographical location. 
Buying a Going to the Using a mobile P g P geograp 
cinema ticket. | ticket office at | application e Those in rural locations may have less 
the cinema. to buy the infrastructure that those in cities. 
P e Those in third world countries may have 
foe, Š ng h less infrastructure that those in third world 
ne ie SNO e countries. 
mobiie phone. 
= e If the infrastructure is not available, a person 
Researching Going to the Using a search may not be able to use the technology available 
recipes for your | library to look angine to ee 
pes Tor y y PN lh 4 Allof the following [4]: 
favourite food. | at recipe books. | research the 
recipes. e Lots of resources are available on online 


learning platforms. 


Finding out Going to the Using online : 
howimuch cashier deskat | banking e People can use these resources to enhance their 
money is left the bank. facilities. own learning. 

in your bank | e This can lead to improved opportunities for 
account. 


people, including better job opportunities. 


e If people cannot access these learning 
resources, they may find that they are behind 
others in their education and cannot access the 
same opportunities. 


5 People could use the online circumstances to 
improve their education, or learn new skills, and 
this could lead to better job opportunities. 


6 High-speed internet for education purposes could 
mean that movies and television shows could be 
streamed in high definition, improving the viewing e 
experience for the audience. 


5 Any four from the following [4]: 
The use of satellite technology 


e __... this can provide access to the internet 
to those in remote locations and where the 
infrastructure is not in place. 


_ eT EO 
526 X 


Copyright Material - Review Only - Not for Redistribution 


7 


Answers 


e Government promotes the business and 
products that could be on offer 


e in hope that other countries will invest in 
their infrastructure to allow them to utilise the 
necessary technology. 


e Company initiatives that encourage the 
recycling and donation of technology 


e — ... these can then be given to those in 
circumstances that may mean they cannot 
afford to but the technology. 


e The use of classes to teach the use of the 
technology 


e __... this can be especially useful for older 
people who may not feel confident in using 
technology. 


wt 
— Expert systems 
A user may become frustrated as they are not able 


to inpui the data and get the result that they are 
looking for. 


The user may not understand the data that is being 
presented to them. 


The knowledge could not be updated, and the data 
stored could be incorrect or outdated. This means 

that the results produces by the expeit system may 
be incorrect or outdated. 


Any scenario in which a decision or diagnosis can 
be provided based on faciual data. 


Any scenario in which a decision or diagnosis would 
need to be given based on an emotional response. 


Advantages could be: 
e Person may not need to visit the doctor. 


e Person may be able to go straight to a 
pharmacy and get correct medication. 


a Person may be able to get an understanding 
of whether the medical condition could be 
serious, and how quickly they need to visit 
the doctor. 


Disadvantages could be: 


e Person may not go to the doctors with a 
serious condition. 


e Person may get an incorrect diagnosis and get 
incorrect medication as a result. 


Questions could include: 

e How old are you? 

e Do you smoke? 

e How much alcohol do you drink in a week? 
e How much exercise do you do in a week? 
e Have you had any previous illnesses? 

e Have you ever had surgery? 

Questions could include: 

e How many legs does it have? 

e = Does it have a tail? 

e = Does it have fur? 

e = How tall is it? 

e What colour is it? 


e What kind of noise does it make? 


Exam-style questions 


1 
2 


Knowledge base [1]. 
Inference engine [1]. 
All of the following [2]: 


e The role of an expert system is to attempt to 
reproduce the decision-making process of a 
human being. 


e The role of an expert system is to try and 
replicate the judgement of a human that has an 
expert knowledge in a certain field. 


Any three from the following [3]: 


e Forward chaining is based on data driven 
reasoning. 


e — It is dependent on the data that it is 
provided with. 


e  Ttis better for solving open-ended problems. 


e The system takes data input by the user, 
then moves from rule to rule to provide a 
possible outcome. 
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A goal driven problem [1]. 


Any two from the following (2 marks per bullet) [4]: 


8 — Spreadsheets 


i 1 The named range can be referenced directl 
e  Anexpert system could be used to self-diagnose z : g a y 
i a by name instead of by cell references; it can be 
medica! conditions nai 
used as an absolute reference when replicating a 
... a user can input medical symptoms and gain lookup function. 
an understanding of what medical conditions ; ; ; ; ; 
thi idb 2 A formula is a simple calculation using basic 
3 COUTE DE, arithmetic of +, -, x, + whereas a function is a 
+ An expert system could be used to diagnose a predefined complex calculation that can be called 
fault on a car by name and includes a series of formulas that the 
i f. 
... a car can be attached to an experi system that ee 
will analyse data from the car and find the fault. 3 When formulas and functions are replicated, 
absolute cell references remain the same whereas 
e An expert system can be used to act as an : + : p 
: relative cell references change in relation to the row 
opponent in a game 
or column. 
+, the game could we ihe dala impur by the 4 A tax rate could be stored in a single cell. A set 
user to make decisions about the game play of f prices 1 ‘ l Wh 
theoppoieni of prices would be stored in a column. When 
\ calculating the tax to be applied to the first price in 
e An expert system can be used as a tool in the column, the price would be a relative reference 
financial planning (for example, B3) and the tax would be an absolute 
... the user can input their financial details reference (for example, peel). Thess two references 
. would be multiplied together and then replicated 
and the system can help with processes such as 
manasina ther debt down the spreadsheet. B3 would change to B4, B5, 
gng ` etc. as it is replicated to each row below but $F$1 
ə An expert system can be used as a tool in would remain the same. 
roviding insurance : 
P g 5 a Any three from the following: 


... the user can input their personal data 
and the system can tell them what insurance 
products are available to them. 


e An expert system car be used to find out the 
identification of a plant or an animal 


... the user can input data about the features 
and characteristics of the item and the 
system can provide information about what it 
thinks i is 

e — An expert system can be used to help plan out 
delivery schedules 


... the deliveries a driver needs to make can be 
input into the system and the system can plan 
the best route for making the deliveries.. 


e Length check: to check the product code is 
six characters long. 


rn 


e — Format check: to check the product code is 
three !eiters, two numbers, one letter. 


e Lookup check: to check the product code 
exists in a list of product codes. 


» Presence check: to check the product code 
has been input. 


b Any two from the following: 


e Type check: to check the value is 
an integer. 


e Range check: to check the value is more 
than zero. 


e Presence check: to check a quantity has 
been input (if not used for a). 
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Answers 


6 
SNE] CJ 
x" aN 
Customer = Null! | Abnormal/Invalid/ 


Error: ‘You must It will check to see if a customer has not 
Erroneous input a customer been input 
Customer =*Any | Normal/Valid Value accepted It will check to see if a customer can be 
Customer Name’ input 


Product Code = | Normal/Valid Value accepted It will check to see if a valid product code 
| XYZ12AB N can be input 

Product Code Abnormal/Invalid/ | Error: ‘You must It will check if a product code is not 6 

= XY21C (any Erroneous input a product characters 

code that is not 6 code with 6 

digits) characters’. 


Quantity = ‘a’ Abnormai/Invalid/ Error: ‘Quantity It will check to see if the quantity is not an 
Erroneous must be an integer | integer 


Value accepted 


Quantity = 7 Extreme 


N lormal/Valid 


Quantity = 3 
(any number 3 or į 
more) 
7 Line, because it shows how data has changed over a 


period of time. 


roe) 


Pie, because it is showing each piece of data in 
proportion to the rest of the data. 


Exam-style questions 


1 a Horizontal set of cells [1], for example, for 
one car [1]. 


b i Arithmetic caicuiation [1] any example 
using plus, minus, divide, multiply, 
exponent [1]. 


ii E2*4.55 [1]. 
iii Any two of the following [2]: 


Complex calculation [1]; reserved word in 
spreadsheet [1]; ready-made formula [1]. 


iv Lookup or vlookup or hlookup or 
index [1]. 


2 a Any two of the following [2]: 


Select column D [1] apply a filter [1] of fuel type 
= petrol [1]. 


Value accepted 


It's the smallest allowable quantity. 


| it will check to see that an integer above 
O will be accepted 


b Any two of the following [2]: 


Apply conditional formatting [1] to fuel type 
column [1] where diesel, petrol and Ipg are each 
set to a different colour [1]. 


Any four from the following [4]: 


Relative referencing used for cost per gallon [1] so 
when the formula is replicated [1] it refers to the 
cost per litre on the next row down [1]. Absolute 
referencing used for the fuel type table [1] within 
the lookup function for cost per litre [1] so that 
when replicated down the lookup function keeps 
referencing the fuel type table [1]. 


a Any three of the following [3]: 


Variables can be used to change the distances 
travelled [1], what-if questions can be asked 
such as ‘what will be the cost if the car travels 
300 miles?’ [1], formulas and functions can 

be used to calculate the total cost [1]; graphs 
and charts can be used to compare the costs 
of each car [1]; formulas and functions will 
automatically recalculate so results can be seen 
instantly [1]; conditional formatting can be 
used to show cars that cost a specific amount 
[1]; goal-seek can be used to find out the 
optimum speed to travel at [1]. 


Se ae, 
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O 


b Any one of the foilowing [1]: 


the model wili only be as good as the rules 
[1]; the speed the car is travelling out will 
need to be taken into account [1]; unforeseen 


circumstances such as traffic jams will affect the 


costs [1]. 


- Modelling 


The ability to change variables within the 

software; asking what-if questions to see what the 
result of changing variables might be; formulas 
and functions to carry out the mathematical 
calculations that form the basis of the model; 
automatic recalculation of formulas and functions; 
rules that define how the model behaves; layers of 
abstraction so that ditferent parts of the model can 
be viewed and analysed separately. 


Variables can be used to change the rental costs; 
formulas and functions can be used to calculate 
the total cost of each of the premises; graphs can 
be used to show the distances from important 
locations for each of the premises; goal-seek can 
be used to find out what the rental cost would 
need to be to match the current costs; conditional 
formatting could be used to show the cheapest and 
most expensive options. 


Fuel costs can be saved by not having to fly real 
aircraft; wear and tear of aircraft does not take 
place during training, which saves on maintenance 
costs; instructors do not need to be present for 

all training sessions; unioreseen or dangerous 
circumstances can be invoked to test the pilot’s 
reaction without experiencing the real danger. 


The learner driver does not get to experience the 
real reaction of a car; the simulator is only as 
good as the model it is based upon, meaning that 
the simulator will not react exactly the same as a 
car would. 


Exam-style questions 


1 


a Any three of the following [3]: 


e Variables can be used to change the 
distances travelled [1]. 


e What-if questions can be asked such as 
‘what will be the cost if the car travels 300 
miles?” [1]. 


e Formulas and functions can be used to 
calculate the total cost [1]. 


e Graphs and charts can be used to compare 
the costs of each car [1]. 


e Formulas and functions will automatically 
recalculate so results can be seen 
instantly [1]. 


e Conditional formatting can be used to 
show cars that cost a specific amount [1]. 


e Goal-seek can be used to find out the 
optimum speed to travel at [1]. 


Any one of the following [1]: 


e The model will only be as good as the 
rules [1]. 


e The speed the car is travelling at will need 
to be taken into account [1]. 


e Unforeseen circumstances such as traffic 
jams will affect the costs [1]. 


Any four of the following [4]: 


Dangers such as hazards, other cars, 
pedestrians, etc. can be avoided [1] because 

the simulator can model these instead of 

using the real road [1]. Learners do not always 
need to have an instructor present [1] because 
the simulator does not pose any danger [1]. 
Learners can experience circumstances they 
may not normally encounter [1] such as a child 
running into the road [1] because these can be 
modelled !1]. The learner can practice complex 
manoeuvers without holding up other road 
users [1] because the simulator can model the 
presence of other traffic [1]. 


Any two of the following (2 marks for each 
point) [4]: 


e There are too many variables to be 
modelled [1] and so the simulator won’t 
always match a real car [1]. 


e There is no consequence for making a 
mistake in a simulator [1], which may lead 
to drivers becoming over confident when 
using a real car and making mistakes 
which cause damage or an injury [1]. 


e =Not all driving situations can be replicated 
{1}, meaning that the simulator won’t give a 
full experience of driving a car [1]. 
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Answers 


e Simulators can cause nausea [1] that 
wouldn’t happen in a real car [1]. 


e The driving school would need to invest in 
the purchase [1], which could be extremely 
expensive for a small school [1]. 


Any four from the following (2 marks for each) [8]: 


e Nuclear science is very dangerous so 
experimenting with simulations is much safer. 


e — Variables such as coolant temperature can be 
changed to see the effect on nuclear reactions. 


e What-if questions can be asked to see what the 
effect of changes to variables would be. 


e  Goal-seek could be used to see what variables 
need to change to achieve a desired reaction. 


e = The simulation could be sped up rather than 
waiting several days or years to see a real 
world outcome. 


e Nuclear simulations require a lot of computing 
power due to the large number of reactions 
taking place. 


e Not all possible inputs can be simulated 
meaning the results of the simulation would 
not reflect exactly what might happen in the 
real world. 


10 - Databases and file 
concepts 


1 
2 


A field that is a unique identifier for each record. 


Simple query uses one criterion, whereas a complex 
query can use multiple criteria. 


To allow the user to decide the parameter value of 
the query, such as choosing the class for which to 
display student records. 


Decide the file format; decide whether to use fixed 
length or variable length fields; decide whether to 
include field names; decide where to save the file. 


Referential integrity is a form of lookup validation 
that ensures data exists in a related table. It is 
important because it prevents data from being 
entered that is not valid and that does not have 
any related data, so it ensures data is linked. 


10 


11 


12 


13 


14 


For exampie, an order must have a customer. If a 
customer that does not exist is entered, then this 
can create mismatched orders which can be lost 
because they are not linked to the customer. 


Non-atomic data; no repeating groups of data; 
unique primary key. 


No attributes can be dependent on a non-key 
attribute. 


Duplicate data is removed from a database, which 
reduces the database size and removes the potential 
for errors and inconsistencies; the database will 
perform better because searches can be carried 

out on indexed fields; maintenance tasks such as 
rebuilding indexes can be completed more quickly 
because there is no longer any redundant data; the 
database is more flexible because it is easy to add 
new fields to tables without affecting other columns 
and new iables can be added without affecting 
existing tables. 


Any three data dictionary components listed with 
related description, for example, field size is the 
maximum length of data for a field. 


text 

date/time 
date/time 

text 

integer 

text 
Boolean/logica! 


Starts with zeros and numbers can’t start with zero; 
may contain spaces, which requires a text data 

type which allows spaces; may contain hyphens or 
brackets, which can’t be stored as a number data. 


Different software applications store files in 
ditferent ways and so generic file types are needed 
to transfer data between software applications. 


Read through the index until the required data is 
found in the key column; identify the corresponding 
storage address; go directly to the storage address; 
read sequentially until the record is found. 


Sequential access requires the data to be stored in 
order, which is a problem when new records need 
to be added and old records are deleted, whereas 
direct access does noi require a sequential order 
and so new records can be added using a hashing 
algorithm and found again using the same 
hashing algorithm. 
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15 Collates data from databases and other sources; 
interconnects data from different sources; analyses 
data to provide the data that is required by 
management; produces summary reports and charts 
for managers that will help with decision making. 


Exam-style questions 


1 a 


All of the following [3]: 
charity [1]; donor [1]; donation [1]. 
Both of the following [2]: 


One charity has many donations [1]; one donor 
makes many donations [1]. 


Both of the following |2}: 


Each donation wiil need to be for a charity 
that already exists and from a customer that 
already exists [i]. This will prevent donations 
from unknown donors or to unknown charities 
and therefore ensure the money gets to where it 
needs to go [1]. 


Both of the following [2]: 

Apartment ID [1]; Customer ID [1]. 

i alphanumeric or text or string [1]. 
ii Boolean [1]. 

iii integer [1]. 

All of the following [4]: 


Query would include al! three tables [1]; 
dynamic parameter would be used for the 
Apartment ID or Apartment Name [1]; 
dynamic parameters would be used to compare 
the start date and end date [1]; the names of 
the customers would be included as fields in the 
query [1]. 


Both of the following [2]: 


Complex queries have two or more criteria [!]; 
there are three criteria for Apartment ID, start 
date and end date [1]. 


Any three of the following (2 marks for each 
point) [6]: 


e field names [1] to identify each field [1]. 


e validation rules [1] to restrict data entry 
for each field [1]. 


e relationships [!] between each table [1]. 


e primary keys [1] which are unique to each 
table [1]. 


e data types [1] to define the type of data 
that is stored in each field, for example, 
alphanumeric [1]. 


3 Allof the following [4]: 


e STUDENT (Student ID, Forename, Surname, 
Address 1, Address 2, Address 3, ZIP, 
Telephone, Tutor Group) [1]. 


e TUTOR (Tutor Group, Forename, Surname) [1]. 
e LOAN (Book ID, Student ID, Return Date) [1]. 
e BOOK (Book ID, Title) [1]. 

4 Both of the following [2]: 


Proprietary formats are used by manufacturers of 
software applications for their applications only [1] 
whereas open-source file formats can be used by 
any application that supports them [1]. 


11 — Sound and video 
editing 
1 3840 x 2160 pixels (or 4096 x 2160 in the movie 


industry). 


2 Black bars are sometimes added to make a video 
the correct aspect ratio for the screen. If the video is 
a different aspect ratio to the screen, the black bars 
will fill the empty parts of the screen. 


3 Formats could include: 


e MP4 
« MOV 
e AVI 

e FLV. 


4 Compression methods are: 
e MP4- lossy 
e MOV -lossy 
e  AVI-can be both 
e FLYV- lossy. 
5 a 10.58 MB 
b It increases to 21.17 MB, so it doubles in size. 
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Answers 


Exam-style questions 


1 


The proportion oi a screen or video width to its 
height [1]. 


One from the following [1]: 

e The video clip may be too long. 
e To remove part of the video clip. 
Both of the following [2]: 


e They can be used to provide further 
information about the image or video shown. 


e They can be used to provide further 
information about where 2 user can learn more 
about the context of the image or video. 


Both of the following [2]: 


e It makes the video file smaller, so it is quicker 
to download / stream. 


e It makes the video file smaller to it takes less 
storage space. 


It will not reduce the file size as much as lossy, so it 
will take up more storage space [1]. 


Both of the following [2]: 


e The sample rate is the number of times sound 
is sampled in a second. 


e If the sample rate is increased, it will increase 
the overall size of the file. 


12 —IT in society 


1 


The business could mine data about what kind 
of qualifications and what kind of people are 
employed by its competitors. 


The business could use data mining to find out 
what characteristics of an employee are a good 
match for their company. 


Exam-style questions 


1 


All of the following [3]: 
e Acryptocurrency is a type of digital currency. 


e  Acryptocurrency is decentralised. 


e Accryptocurrency uses encryption algorithms 
and cryptographic techniques as a 
security method. 


Four from the following (two per advantage and 
disadvantage) [4]: 


Advantages 
e Don’t need to carry physical money. 


e User can stop transactions if digital method is 
lost/stolen. 


e All transactions are encrypted. 
e Can speed up payment. 


e Don’t need to exchange physical currency in 
foreign countries. 


Disadvantages 


e Always the risk that a transaction can 
be hacked. 


e Some people may lose track of their spending 
as they don’t hand over actual money. 


e Some people are anxious about using digital 
payment methods, especially contactless ones. 


Four from [4]: 


e A chatroom is an online service that 
allows multiple users to send each other 
instant messages 


e ... whereas a forum allows users to post 
questions and thoughts for other users to 
respond to. 


e Achairoom is designed to be a live 
conversation 


e —_... whereas a forum is designed to allow user 
to return to the forum at any time to see what 
other users have posed as a response. 


e A chatroom is not normally monitored by 
a moderator 


e _... whereas a forum will often have a 
moderator checking the posts meet the rules. 


Eight from [8]: 
e Stage | is the business understanding stage 


e itis where the objectives are set and the 
criteria for success are established. 


e =>. Stage 2 is the data understanding stage 


E] 
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... this involves the initial collection of data 
from the various sources available. 


Stage 3 is the data preparation stage 


... this is where the data is taken through 
a whole process of selection, cleansing, 
construction and formatting. 


Stage 4 is the data modelling stage 


... during this stage various test scenarios are 
generated to model the data. 


Stage 5 is the evaluation stage 


... this is when the results generated by the 
models are evaluated. 


Stage 6 is the deployment stage 


... this is when a report is created to present 


the findings of the data mining to stakeholders. 


5 Four from [4}: 


It can be used by businesses to aid planning 


... informing any actions that are taken on a 
daily basis. 


It can be used by governments to aid 
national security 


... by analysing intelligence gathered to 
highlight current activity in a country. 


It can be used in surveillance 


... surveillance data can be analysed to predict 
issues such as crimina! activity. 


6 Six from (max four for advantages) [6]: 


Advantages 


A large selection of courses are available 


... SO a user can enhance their learning in 
anything that they are interested it. 


Can provide an employee with a 
competitive advantage 


... as it demonstrates their motivation to learn 
and improve in their own time. 


They are free of cost 


... SO all users who can access them will be 
able to learn. 


The number of people on a course is 
often unlimited 


... So people do not have to wait for a place to 
become available. 


User can learn at their own rate 


... this means that users are more able to fit the 
learning around the own schedule. 


Disadvantages 


There are a huge selection of courses available 


... this may overwhelm a learner if they do not 
know which one to choose. 


There are often a large number of people 
on a course 


... SO the tutor/educator may not have a lot 
of dedicated time to help each person on 
the course. 


... it may also be difficult for a tutor/education 
to keep track of the progress of each person on 
the course. 


Some learners may struggle to complete 
the tasks 


... and may choose to only complete those 
ones that they know will be assessed. 


7 Six from [6]: 


This would mean that banks create their own 
version of a digital currency. 


This may mean that physical currency 
disappears altogether. 


This could save money for the government as 
they do not need to think about the cost of 
creating the physical currency. 


This could save the bank money as they do not 
need to have huge security system in places, 
like vaults, in which physical currency is stored. 


This could cost the banks money as they will 
need to have very strong security systems for 
their digital currency. 


The speed of the exchange of money from 
bank to bank could be improved. 


Criminal activity such as money laundering 
may decrease. 


Some peopie co not like the idea of the 
invasion of privacy that will exist by tracking 
each digital currency transaction. 
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Answers 


All of the following [6!: 


e Banks heavily rely on IT to keep all the records 
about their customers. If they had to store 
paper versions of this data, it would take up 
huge amounts of physical storage space. 


e IT can be used in the form of ATMs to access 
physical currency that we have stored in our 
bank account. This means that a user no 
longer needs to go into a bank branch to queue 
to get money out of their account. 


e = JT can be used for online banking, 2liowing 
a user to access many financial and banking 
facilities online, without the need to go into a 
bank branch. 


e JT can be used for online banking, allowing 
users to access many banking and financial 
services 24/7. 


e = IT can be used for online banking, allowing 
users to see all the transactions instantly, 
without needing to wait for a paper statement 
to be delivered. 


e People can use comparison websites to 
compare the offers of banks and financial 
services. This means they can easily find the 
best and right deal for their circumstances. 


13 — New and emerging 
technologies 


1 


Possible uses could be: 
e = It could be used to innit access to certain areas. 


e = It could be used to provide doctors with 
information about patients. 


e = It could be used to provide patients with 
information about the hospital. 


It could use lossless compression methods to 
compress the data. 


Advantage could be: 


If the surgeon can see a very detailed image of 
the patient, this can improve the accuracy of 
their surgery. 


Disadvantage could be: 


It would require a high-speed internet connection 
and if this is not available there may be a lot of lag 
on the stream, or it may not be able to stream at all. 


The user will be required to have a high-speed 
internet connection. The technology will need to 
have a large amount of RAM so that it can process 
and handle the amount of data streaming to the 
device. The computers used to edit the video files 
will need to have powerful graphics cards to be able 
to render the amount of data required to create the 
video file. 


Exam-style questions 


1 


Two from (max one per advantage/disadvantage) [2]: 
Advantages can include: 


e Allow greater access to important health 
statistics. 


e Users can sync their devices and challenge 
each other to improve motivation for exercise. 


e User can get alerts without the need to check 
their mobile phone. 


Disadvantages can include: 


e People can become obsessed with their health 
statistics, developing an unhealthy relationship 
and damaging thoughts. 


e There can be compatibility issues 
between devices. 


e The accuracy of some health trackers can 
be dubious. 


e Some people are concerned about the security 
of their data that is gathered by the device. 


Three from [3]: 


e 3D printing could be used to create 
prosthetic limbs. 


e 3D printing could be used to create 
blood vessels. 


e 3D printing could be used to engineer tissue. 


e 3D printing could be used to create 
medical tools. 


All of the following [4]: 


e It will allow the surgeon to have a very detailed 
image of the patient 


e _... this can increase the accuracy of 
the surgery. 


e  Itcan allow the level of detailed required to 
carry out remote surgery 
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e _... this means that specialist surgeons do not 
need to make tiring journey around the world 
to perform surgery. 


4 Two from (2 marks each) [4]: 
e They often require more power consumption 


e ... therefore, more carbon emissions may be 
released to create the level of power required. 


+ They often encourage users to replace previous 
versions of devices 


e ... resulting in technology being thrown away 
into landfill, that can leach dangerous metals 
into soil if not disposed of correctly. 


5 Allof the following [3]: 


e NFC has allowed electronic payments to 
become contactless. 


e The user no longer needs to put a PIN into a 
device for small transactions 


e ... they can just touch their device or card to 
the NFC base device. 


6 Eight from [8]: 


e Alcan replace the need for employees to do 
tedious tasks in manufacturing 


e _... so an employee does not need to become 
bored and unmotivated by completing a 
repetitive task. 


e Alcan replace the need for employees to do 
dangerous tasks in manufacturing 


e —_... so an employee’s life does not need to be 
put in danger to complete dangerous tasks. 


e Alcan allow manufacturing to be carried out 
for longer veriods of time 


e asit does not need to rest like a employee. 

e AÏ can allow tasks to be carried out to a 
higher standard 

e _... as it is capable of a greater level of accuracy 


than an employee. 


e it can also have faster reaction time than 
an employee. 


e Alcan be used to replace employees in 
manufacturing 


e —_... which can be very concerning to humans as 
they may lose their job. 


7 ~~ Six from [6]: 
Advantages: 


e The organisation will be able to store very 
large amounts of data in a much smaller space 


e __... this can save costs such as warehouse space 
and hardware costs to store the data. 


e The organisation will be able to make their 
data storage much more portable 


e __... this can help move data to archive much 
more easily 


e it can also mean that very large amounts 
of data can be transported to other locations 
around the world without the need for an 
internet connection, which could compromise 
its security. 


e The organisation will be able to transfer 
data at a much faster speed than other 
storage methods 


... as millions of bits of data can be stored in a 
very short space of time. 


Disadvantages: 


e The organisation may find that the data 
storage is not compatible with their previous 
methods of data storage 


e __... therefore, they may find that they cannot 
read and write data from one storage to 
another, if required 


e —_... therefore, they may find it costly to replace 
all the technologies involved. 


14 - Communications 
technology 


1 Example could include: 
e —- It could be used in a remote control. 
e It could be used in a game controller. 


2 The stream would keep stalling all the time as it 
would be waiting for the data to download. 


3 Example could include: 


e Seasonal! products, so more resources can be 
available when the seasonal product is at its 
height of business. 
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Answers 


When they have a new product available, so 
may have a sudden influx of traffic. 


Exam-style questions 
1 Allof the following [2]: 


The function of the presentation layer 
is to prepare data ready for use in the 
application layer 


Preparation could involve translating, 
encrypting and compressing the data 


2 Any two from the following [2]: 


c 


It breaks data down into packets 
It transmits the data from network to network 


It uses two main protocols, the IP 
and the ICMP 


One for network, two for justification [1]: 
e He should set up a LAN network. 
e He will need limited network hardware. 


e = Any other network functionality would be 
redundant. 


Any four from the following [4]: 
e Transmission media 


e ... this will create a wired connection if 
needed between any of the devices. 


e Wireless access point 


e  ... this will create a wireless connection 
between the devices. 


e —_,.. this wit! allow all devices to be 
connected using a single component. 


e Router 

e —_... he will need this to connect his 
network to the internet if he wants this 
functionality. 

All of the following [2]: 


e The bandwidth and the bit rate wiil limit 
the download time for the data. 


e If the bandwidth and the bit rate are not 
high enough, the data will not stream 
in a timely enough fashion for it to 
play smoothly. 


7 


Four from the following (one for protocol name, 
one for description) [4]: 


SMTP. 


Used to send emails from a computer to a mail 
server, and between mail servers. 


POP. 
Used to retrieve emails from a mail server. 
IMAP. 


Used to retrieve emails from a mail server. 


All of the following [4]: 


The network is broken down in cells. 


The data is sent from the mobile telephone to 
the radio base station in the current cell that 
the mobile telephone is created. 


The data is routed through each cell until 
it reaches the cell of the receiving mobile 
telephone. 


The data is then sent from the base station to 
the mobile telephone. 


Both of the following [2]: 


e Data required for biometric device is 
unique to each person and therefore very 
difficult to replicate. 


e Biometric devices can be expensive to 
purchase and implement. 


All of the foliowing [4]: 


e The firewall will monitor data coming into 
and out of the network. 


e The user can set rules and criteria for 
the traffic. 


e The firewall compares the traffic to the 
rules and criteria 


e  ... and will reject any traffic that does not 
meet them. 


Six from the following [6]: 


By implementing a disaster recovery plan and 
organisation has a plan in place for recovering 
data in the event of a disaster. 


The process of the plan will force the 
organisation to assess what poses a risk to their 
data and resources 
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e —_... they can then begin to think about what 
measures they can put in place to minimise 
the risks. 


e = As part of the process they will carry out run 
throughs of what will be done in the event of 
different disasters 


e _... this can mean that employees are 
familiar with what they need to do should a 
disaster occur. 


e The process of planning for disaster recovery 
can be time consuming and expensive 


e —_... however, the cost of not having a plan in 
place could be far greater, if the organisation 
loses all of its data. 


: 5 — Project management 


N 


During monitoring and control of the execution, 
resources may become unavailable, timescales may 
not be met and the budget may be exceeded. If this 
happens, plans will need to be revised to allocate 
different resources, adjust timescales and adjust 
expenditure. 


Resources will have been defined within the software 
including their availability and costs. The project 
manager can then select available resources and 
allocate them to tasks where they are required. 
Allocation of already assigned resources at specified 
times will be prevented by the software. The project 
manager will be able to assign an amount of time to 
each resource for each task. The project manager will 
be able to see the costs involved for each resource 
and how much each task will cost. 


Exam-styie questions 


1 


a Any four of the following [4]: 


Objectives [1]; scope [1]; risks [1]; budget [1]; 
approximate timescales [1]; stakeholders [1]; 
resources [1]. 

b Any three of the following [3]: 


Planning [1]; execution [1]; monitoring/control 
[1]; close [1]. 


2 Any four of the following [4]: 


Calendars can show what each team member is 
doing [1]; instant messaging / video chat / video- 
conference can enable remote workers to share 
ideas and discuss progress [1]; documents can be 
shared in one place [1] with tracked changes so any 
modifications can be monitored [1]; discussions / 
forums can be setup so team members can discuss 
specific tasks / documents / milestones [1]; current 
progress can be updated by team members so 

the project manager can see how the project is 
progressing [1]. 


3 a Any two of the following [2]: 


Both charts can show the critical path [1]; 
both charts show the length of time each 
task takes [1]; both charts show predecessors/ 
dependencies [1]. 


b Any two of the following [2]: 


Resource allocation [1]; start/finish dates [1]; 
task progress [1]. 


Software development projects have tasks with 
unknown timescales [1] and PERT is designed to 
deal with uncertainties [1] by calculating estimated 
times for each activity [1]. 


Any three of the following [3]: 


The WBS will break the project down into sub 
projects [1] which can be managed separately by 
assistant project managers [1]. Each team member 
only needs to be concerned with their phase of the 
project [1] and can ignore other phases [1]. The 
project manager can organise activities into phases 
or sub-iasks so they are more manageable [1]. 


16 — System life cycle 


1 Feasibility; analysis; design; implementation/ 
development/coding/programming; testing; 
installation/implementation; maintenance; 
documentation; evaluation. 


2 The analyst can expand upon questions that have 
been asked during the interview to gain further 
information from the user; questionnaires take 
time to create and so it is unnecessary when a small 
group of users can all be interviewed. 


3 To identify tiie hardware and software required to 
operate the developed system. 
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10 


11 
12 


13 


14 


15 


16 
17 


Answers 


To show the data flows within a system. 


Each data flow must have a process attached to it. 
A data flow cannot move directly from one external 
entity to another or from one data store to another 
or between an external entity and a data store. 


A tick box allows more than one response where as 
an option button only allows one response. 


To test that a validation rule accepts data that is 
within the acceptable range. 


Alpha testing is carried out by the development 
team whereas beta testing is carried out by users; 
alpha testing is planned and structured whereas 
beta testing is ordinary everyday use; alpha testing 
uses test data whereas beta testing uses real data. 


Tester will use input data to test part of a system 
or a whole system and check the expected 

results against actual results without knowing or 
understanding the code inside the black box. 


A test plan wil! identify all the tests that are needed 
for every input, every button, every link, every 
report, every screen and all other elements of a 
systern. The test plan will include different types 

of test data including valid, invalid and extreme 

so that inputs are tested to their limits. Without 
this planning, important parts of testing would be 
missed out and errors could be left untested. The 
plan will also cover all the user’s requirements and 
ensure that they are tested. 


Parallel; direct; phased; pilot. 


If it would be too costly or take too long to input 
data into both systems, then direct would be more 
appropriate. 


If there are a lot of users then pilot changeover 
will enable training to take place in stages rather 
than all at once; If the new system is not very big 
and doesn’t have features that can be separated 
then pilot could be used instead of trying to phase 
something that can’t be broken into parts. 


Cover, contents, introduction, hardware/ 
software requirements, instructions, glossary, 
troubleshooting, index. 


To give definitions of any technical terms used in 
the user documentation. 


When a system requires maintenance. 


Working relationship; efficiency of system; bugs 
or errors in the system; ease of use of the system; 
possible improvements to the system. 


18 
19 


20 


21 


If a bug or error is found within a system. 


Evolutionary prototyping develops each prototype 
further whereas throw-away prototyping involves 
disposing of the prototype. Evolutionary 
prototyping involves refining user requirements 
after each evolution of the prototype and 
throw-away prototyping also involves refining 
requirements after the prototype is developed. 
Both methods involve producing a basic version of 
what the user interface will look like. Both methods 
involve getting feedback from the user early during 
the project. 


With incremental development, a part of the 
software is fully developed before moving on 

to the next part of the software whereas with 
iterative development, the phase of a system (e.g. 
design) is completed before feedback is sought and 
improvements made. 


JAD involves both users and developers working 
together to develop a working prototype with the 
user being able to refine the design and layout as 
the development progresses. Software application 
frameworks will be used to develop the prototype 
and end-solution. 


Exam-style questions 


1 


2 


3 


a Any one from the following [1]: 


To find out how tiie current system works [1]; 
to find out the requirements of the client [1]. 


b All of the following [4]: 


There will be lots of staff in several hotels [1] 
so there won't be time to interview them all but 
questionnaires can get information from all 
staff [1]; the data will need analysing [1] and so 
the questions can be written in a way that will 
gather responses in a structured manner [1]. 


c All of the following [3]: 


Interviews [1]; observation [1]; document 
analysis [1]. 
To identify what the client needs the new system 
to do [1]. 
a Any three from the following [3]: 
Use of colour [1]; consistent use of fonts 
[1]; avoiding clutter [1]; legibility of fonts 
[1]; instructions to the user [1]; optional vs 


Nn CSC“ 


539 > 


Copyright Material - Review Only - Not for Redistribution 


» CAMBRIDGE INTERNATIONAL AS & A LEVEL IT: COURSEBOOK 


compulsory questions [1]; sufficient space for c All of the following [3]: 
answers [Il a) nna a en aa i lts needed to check that the system can cope 
P a P . with invalid data [1] and reject it appropriately 
Any three from the following [3]: [1] without system errors occurring [1]. 
Example could identify the input data [1], type 6 a Any four from the following [4]: 
f validation [1], rule [1 ; 
Eor ee eee pr e A There are lots of hotels [1] so one hotel could 
Must be numeric Please enter A numeric y ajte pile Wis syste ane a ay prebe [th 
; i which could be rectified before the system is 
Any three from the following [3]: implemented in other hotels [1]. Only a small 
Printer to print invoices for the customer [1]; group or sal neni Detainee Nise 
barcode scanner to read barcodes on customer tie cysiem ae ay the onshore [i] Thig 
booking printout or mobile niok display [1]: hotel that pilots the system could be used to 
magnetic stripe / smart card reader/writer to train stall ka Roe OE i 
initiate room keys [1]; touch screen for the point new system hh 
of sale terminal in the bar and restaurant [1]. b Troubleshooting will show common errors 
A ‘mock-up’ of a software solution; partially and how to solve them [1] so if the staff come 
completed product used for evaluation) across one of these errors they can find out 
feedback [1] j what to do [1]. Glossary will include definitions 
A of technical terms used in the documentation 
All of the following [4]: [1] so if staff don’t understand a term in the 
Evolutionary prototyping develops each documentation they can look it up [1]. 
prototype further whereas throw-away c Errors may need correcting [1]; the system may 


prototyping involves disposing of the prototype 
so the prototype can grow rather than having 
to start again [1]. Evolutionary prototyping 
involves refining user requirements after 

each evolution of the prototype which will 
enable the landscape gardening company to 
better understand their own requirements 

as the prototype develops [1]. The landscape 
gardening company can canvass opinion from 
customers on what the user interface will look 


need to be adapted due to organisational or 
external changes [1]; to prevent problems from 
occurring [1]; to improve on the software [1]. 


17 — Mail merge 


Exam-style questions 


like [1]. The project team can get feedback from 1 a Both of the following [2]: 

the manescapS gardening company early during Mail merge is the automatic addition of 

the project [i]. data from a source file [1] such as names and 

All of the following [4]: addresses into a master document such as a 
ef ; : : letter [1]. 

White box testing requires understanding of the l l , 

module or system being tested [1] whereas black b Any six from the following [6]: 


box testing only requires input data and output 
data to be used [1]; white box testing is usually 
carried out by the developer [1] whereas black 
box testing is usually carried out by the user or 
specialist testers [1]. 


Both of the following [2]: 


Beta testing requires a very large user base [1] 
and usually applies to off-the-shelf software 
whereas the hotel system will need to be used 
consistently by all staff within all the hotels [1]. 


Create the master document [1]; link the 
master document to the data source[1]; insert 
merge field codes[1]; spell check the master 
document{[1]; visually inspect the master 
document to check for accuracy[1]; set up 

any filters that are required[1]; preview the 
mail merge[1]; check the preview for accuracy 
including the correct records and layout[1]; run 
the mai! merge to produce the letters [1]. 
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All of the following [41: 


Filter will be required [1] that compares the date 
of service [1] from the source file [1] with the date 
specified by the user [1]. 


Any four from the following [4]: 


e Read the text carefully to find/correct 
typographical errors/mistakes in grammar/ 
style/spelling [1]. 


e Printing a copy to read on paper rather than 
reading on screen [1]. 


e Read the invitation out loud to himself [1] so 
he hears problems he may not read [1]. 


e Use a blank sheet of paper to cover up the 
lines below the one he is reading [1]. 


e Use the search function to find mistakes he is 
likely to make [i], or example ‘its’, ‘there’. 


e Compare the spelling of names with a list 
of names spelt correctly [1], for example, a 
class list [1]. 


e Run the mail merge and check for errors on the 
merged documents [1]. 


e Check the data for the merged fields is 
displayed correctly [1]. 


e If he has used a filter, check the correct records 
have been included [1] by comparing the 
merged invitations with his filtered list [1]. 


Any two from the following [2]: 


Embedding is inserting data from a source 
document into the current document [1] {then either 
of the following} so that any changes to the source 
document are updated in the current document [1], 
for example, any changes to the source data for the 
graph will automatically update the graph in the 
report | 1]. 


18 — Graphics creation 


a 
i 


Image made of small squares called pixels 
Each pixel can have one colour 

Image stored as coordinates and caiculations. 
They do not pixelate when enlarged 


The file size is usually smailer 
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9 

10 
11 
12 


Images are edited before being presented to 
the public. 


Peopie think the images are real and aspire to meet 
their unrealistic standards. 


Red, Green, Blue 

Red 

Green 

Blue 

Black 

White 

Any three from: BMP, GIF, JPEG, PNG, TIFF 
Any one from: SVG, PDF 


Exam-style questions 


1 


a 1! mark per bullet [13]: 
e Rectangle created. 


e Triangle created and positioned central to 


rectangle. 
e Outline of both objects is dark blue 
O guria less than 4 pt thick. 


e Gradient fill used for television. 


e Text says Titania 


e inside the television 
e in green 

e  ... sans-serif font 

e .., inan are. 


e Fontis a suitable size for the television. 
* Image saved as vector 
e —...no more than 250 by 250 pixels. 

b 1 mark per bullet [4]: 


e — Vector is made of points and calculations 


e —_... when it is resized the 
proportions are kept 

e it does not pixelate 

e ... unlike a bitmap. 


c 1 mark per bullet f6]: 
e Lossy compression removes some data. 


e —_... the decompressed image is not the same 
as the original. 
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e Reduce the number of colours Photographs of the frames are taken. 
e —_... fewer colours means less data to store The photographs are run through very quickly. 
per pixel. 


i 2 Photographs are taken of an object. 
e Reduce the resolution 
Every set number of seconds. 


e ... means fewer pixels to store therefore 

less data. The photographs are run one after the other. 

2 a 1 mark per bullet [15]: 3 Position an object/series of objects. 

e Rectangle created Take a photograph. 
e ... warped/distorted on the top edge only Move the objects minutely and take another 
e ... appropriate level of distortion to photograph. 

match image. The photographs are run one after the other. 
e pices added 4 Flip-book animation. 
+. sana 5  Computer-generated imagery. 
e all identical -e : 

{ 6 An individual image. 

e —_... and evenly spaced. 


= Biang diwi 7 The stage is 4 units wide to 3 units high. 


r Old televisions. 
e — ... outline only. 


e Word rollercoaster added 3 16:9 — modern televisions, monitors and laptops. 


e ... in green 2.35:1 — widescreen and films. 
e in sans-serif font 16:10 — modern mobile phones. 
e ... set to an arc 9 Help you layout objects. 
e inside the rollercoaster rectangle Help you align objects. 
e ... an appropriate size. 10 Objects will be automatically aligned. 
b For example [3]: Saves time in attempting to align them. 
° IPE , Increases precision. 
° A Ke 11 Images are stored as coordinates and calculations. 
e There is no transparency. Images can be resized without pixelating. 
c 1 mark per builet [4]: 12 Line changes the line around the edge of an image. 
e RGB colours are made up of red Fill changes the colours inside the image (inside 
green and blue the lines). 
e _... values between 0 and 255/FF for 13 Orientation 


h colour. ; . 
ERE 14 To allow you to perform motion tweening and 


e CMYK are made of cyan, magenta, morphing on it. 


yellow and black i , 
15 Because they are not stored as coordinates so their 


e ... values are a percentage between 0 and 100. coordinates cannot be changed. 
E : 16 A self- contained image / set of images that have 
1 9 = An Im at Ion their own independent animations. 
1 Each frame was drawn individually by hand. 17 To allow ditferent images / parts of images to be 


animated independently, that is, without affecting 


‘a : 
Each frame was a different medium/sheet. the other images. 
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18 
19 


20 


21 


22 


Answers 


Increase the speed. 


A frame keeps the same content, a key frame is 
used when something needs to be changed, or 
added or removed. 


Motion can only move an object. Shape can move 
it, change its shape, size and/or colour. 


It calculates all the spaces between the two 
key frames and fills in the gaps so that it is not 
jumping from one position to the next, but is 
smoothly moving. 


Only the elements inside/outside the mask can be 
seen, for example, a shape moves across the screen 
and you can only see the image inside that screen. 


Exam-style questions 


1 


a 1 mark per bullet [13]: 
e =>. Aspect ratio is 235:1. 
e Black background throughout. 
e Starts with Saif’s name clearly visible. 


e Letters fade 


e =... lat a time 

e ... taking 1 second for each to fade. 

e Comics appears when Saif’s name ahas 
disappeared 

e ... taking 1 second to fade in 

e _... stays on screen for 2 seconds 

e _... fades out one letter at a time with 1 


second for each tade. 


e Fontis white and appropriate size (takes 
up fuil height of animation). 


e Animation loops. 


e Animation is exported in a suitable format 
for a website. 


b 1 mark per bullet [3]: 
e All have individual images as frames. 


e Cel uses hand-drawn images whereas 
stop-motion animation and time-lapse 
animation are photographs of real-life 
objects/items. 


e  Stop-motion animation and cel animation 
both require a person to manipulate each 


frame (by moving items or drawing items) 
whereas time-lapse animation is automatic. 


a l mark per bullet [19]: 
e Animation is 16:9 ratio. 
e Background is pale blue. 
e Logo is on left-hand side of the animation. 


e — Logo starts small 


e „increases gradually to full size 
e .., then decreases small again 
e .., repeatedly throughout animation. 


e Ball appears from right-hand side and 
moves to the left 


e ... and out of sight 
e __... displays text as it rolls 
» — .,. leaving correct text behind it. 


e Ballis off screen for 1.5 seconds 


e _... then returns and moves from 
left to right 

e as a mask 

e __... displays text as it moves over it 

e —_... and only as it moves over it. 


e Animation is set to loop. 
e Animations are smooth. 
e Export to a suitable format. 
b Frame: one single image of an animation [1]. 


Key frame: a frame where a change happens for 
that object/symbol [1]. 


1 mark per bullet [12]: 

e — Screen ratio is 16:10. 

e Background is white. 

e Green outline matches that on logo. 
e —... and is displayed throughout. 

e Letters bounce in from left. 

e in correct order. 


e All letters stay on screen for 2 seconds 


e ... then they all fade out 
e —... together. 
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e Animation loops. e —... and suitable error message if here is not. 
e Animations are smooth. e Confirmation given if no errors 
e File is exported as a . gif. b 1 mark per bullet [3]: 


e To explain how the code works. 


20 = Prog ramm i n g fo r e So other developers know how your 
code works 
t h e we b e —_... so they can change it/improve it. 
1 alert c 1 mark per bullet (up to 4) [4]: 
2 console.log e To stop the web page crashing. 
3 prompt e So the web page outputs a message 
4 To view what is running/happenng in the webpage. e instead of doing nothing. 
For debugging purposes. e Otherwise the user will not know what 
5 A self-contained piece of code that can be called they have done wrong. 
from another part of the program, it runs and then e Otherwise the user will not know what to 
returns contro] back to the code that called it. do to correct the error. 
Modulus, the remainder after division. d 1 mark per bullet (up to 3) [3]: 
++ increments/adds 1 to a value, -- decrements/ e Web page still contains and works as 
subtracts 1 from a value. required in part (b). 
8 False e Imagel appears in web page when loads 
9 False e _... changes to Image 2 
10 True e _... when the user moves their 
11 True cursor over it. 
12 False 2 a l1 mark per bullet [12]: 
13 True e Field to select day 
14 False e —_... limited to only valid options. 
e Field to select time 
Exa m-style q uestions ¢ _... limited to only valid options. 
1 a I mark per bullet [11]: e Field to select number of people 
e Suitable input for first name e _... limited to only valid options. 
e __... with suitable error if blank. e Option to select set menu. 


e Fields to enter name and 


» Suitable input for last name 
telephone number. 


e _... with suitable error if blank. ; rae 
e Appropriate error messages for invalid 

e = Suitable input for query data on one field 

e —_... with suitable error if blank. e andon all other fields where 

e Suitable input for emaii address appropriate. 

A „with suitable error if blank e Contirmation of submission given 

e _... detecting if there is an @ e —... only if all valid. 
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Answers 


b 1 mark per bullet [2]: 3 1 mark per bullet [2]: 
e At least one appropriate comment e While may never run the code inside it; 
Do while will always run the code once. 
e  ... and all constructs commented. 


e While checks condition at start of loop; 
Do while checks condition at end of loop. 


4 1 mark per bullet [3]: 


c 1 mark per bullet (up to 3) [3]: 
e Description of checking data entered 


‘ei a ec e Stores multiple pieces of data 


e Outputting error messages if invalid. i under one identifier 


e If no error messages then 


submission allowed e all of the same data type. 
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> Glossary 


Absolute cell reference: a cell reference that does not 
change when it is copied into other cells, usually by 
placing a $ sign before the cell reference 


Activator: a type of motor that is used to move and 
operate another mechanism or device 


Algorithm: a set of instructions or steps to be followed 
to achieve a certain outcome 


Align: make objects start at the same position 


Alignment: positioning text so that it is in line, for 
example on the left, right or centre 


Alpha testing: initial testing of the software by a limited 
group of people 


Analysis: finding out how the current system works 
and what the requirements of the client are for the new 
system 


Animation: a series of images that are played one after 
another to simulate movement 


Anti-inalware: software that is used to identify malware 
on a computer and remove it 


Anti-virus: software that is used to identify a virus ona 
computer and remove it 


Arithmetic operator: a symbol, or symbols, that perform 
a mathematical calculation; these often appear as 
algebraic operators that you will be used to using in 
mathematics 


Array: a data structure that can store multiple items 
under one identifier; the items are of the same type 


Artificial intelligence: a computer system designed to 
simulate human intelligence 


Aspect ratio: the proportion of a screen or video width 
to its height 


Assignment: giving a variable a value 
Attribute: a category of information within an entity 
Automation: the ability to operate automatically 


Avar: a hinge on a wire-model object that lets you 
manipulate its position 


Backward chaining: breaking a goal down into sub-goals 
that allow the system to work backward from 
the goal 


Bandwidth: the range of frequencies available for 
a communication method which determines the 
transmission rate 


Batch processing: sets of data are processed all at one 
time without user interaction 


Beta testing: a sample of users test a pre-release version 
of the software 


Bezier curve: smooth curves made of paths that can be 
scaled indefinitely 


Biometric: unique physical characteristic of a person 
that can be used by a computer for identification 
purposes 


Bitmap: an image made up of small squares, called 
pixels; each individual pixel can only be one colour 


Bit rate: the rate at which bits can be transferred in data 
transmission 


Black box testing: testing of inputs and outputs to a 
system or part of a system with no consideration for the 
workings of the system 


Boolean: a data type, either true or false 


Bridge: a network component that connects segregated 
parts of a LAN 


Broadband: a method of data transmission that is 
capable of transmitting a high level of traffic 


Calculated fielc: an arithmetic calculation on a field 
from the data source 


Calibration: the process of testing and modifying a 
device to make sure that it is taking the correct readings 


Canvas: the area in the software where you add and edit 
your images 


Cel animation: (also called cell animation) where 
individual images are drawn on separate pages then 
photographed, one frame at a time 


Cell: a single unit/rectangle of a spreadsheet formed at 
the intersection of a column and a row where data can 
be positioned; its reference (name/address) is based on 
its column and row 


CGI: an abbreviation of computer generated imagery; 
any image (still or moving) that is created using a 
computer 
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Client: a computer in a network that is not a central 
point of control 


Clip: short piece of a video or audio file 


CMYK: Cyan/Magenta/Yellow/Black colour system; all 
colours are a combination of these four colours 


Collaborate: work together 


Colour depth: the number of colours that can be 
represented in the image 


Comparison: comparing two items of data resuiting in 
True or False 


Comparison operator: a symbol, or symbols, that 
compare the two sides of the operator and the result is 
either true or false 


Compiler: translates high-level programming language 
into an executable file in machine code 


Compound key: two or more fields that form the primary 
key. Each field that comprises the compound key are 
themselves keys from another table 


Compression: reducing the file size of a file, for example, 
an image 
Concatenate: to join two strings together 


Condition-controlled loop: a loop that runs based on a 
condition, not the number of times it will run 


Condition: a statement that can be evaluated as true or 
false, for example 5 > 6 (this is false because 5 is not 
greater than 6) 


Construct: a control structure, such as a loop or a 
conditional statement 


Control system: a system that manages or regulates a 
process by physically changing aspects of the system 
depending on collected data 


Coordinates: the position (x and y) of an object on the 
stage 


Count-controlled loop: a loop where you know the 
number of times it will run 


CPM: critical path method, also sometimes known as 
CPA (critical path analysis) 

Critical path: the tasks which must be compleied on time 
for a project to complete on time 


Custom-written software: software that is written 
especially to meet the requirements of a client 


Data: raw numbers, letters, symbols, sounds or images 
without meaning 


Database: a structured method of storing data 


Database management system: software used to manage 
a database 


Daia dictionary: metadata (information) about the 
database 


Data driven: a system dependent on the data that it is 
provided with 


Data mining: the process of collecting large sets of data 
and analysing them to identify patterns and trends 


Data type: the type of data being stored, for example, a 
number, string (text) 


Decision: a comparison is used to decide if code is run, 
or not 


Declaration: a statement giving the identifier of a 
variable or array 


Demographic: a particular section of a population 


Design: the stage in the life cycle when the design 
specification is produced 


Design specification: illustration of how the system 
will look, what the data structures will be and how the 
system will work 


Development: the stage in the system life cycle when the 
software is produced 


Device: a hardware component of a computer system 
consisting of electronic components 


DFD: data flow diagram which shows how data moves 
around a system 


Direct data source: data that is collected for the purpose 
for which it wili be used 

Distribute: make the space between objects the same 
DPI/dots per inch: the resolution of an image 


Economic: considering a country in terms of their 
production and consumption of goods and services 


Electronic currency: a payment method that occurs in a 
digital form 


Embedding: importing data from a data source so that 
any changes to the data source are shown in the new 
document 


Emerging technologies: a technology that is still in 
development to allow it to reach its full potential 


Encryption: scrambling data so it cannot be 
understood without a decryption key so that it is 
unreadable if intercepted 
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Entity: a set of data about one thing (person, place, 
object or event) 


Entity relationship diagram: a diagram that represents 
the relationships between entities 


Eyaluation: a formal review of a project 
Execution: the development stage of a project 


Explanation system: a component of an expert system 
that provides an explanation of how an outcome was 
achieved 


Export: to prepare data for use in another application 
Field (databases): a common word for attribute 


Field (mail merge): a category of information from the 
data source 


Filter (mail merge): selecting records from the source file 
based on conditions 


Firewall: a security measure that can be implemented 
to monitor traffic into and out of a computer and 
prevent external users gaining unauthorised access to a 
computer system 


Flat file: a database stored in a single table 
Flatten: merge all layers into one single layer 


Flip book animation: each page of a book that has a 
different image drawn on; when flicked through they 
create an animation 


FLOPS: floating point operations per second — used to 
measure the performance of supercomputers 


Flowchart: a set of symbols put together with commands 
that are followed to solve a problem 


Foreign key: a field in a table that refers to the primary 
key in another table 


FOR loop: a count-controlled loop 
Formula: a mathematical calculation using +, —, xX or + 


Forward chaining: a system that moves forward from 
rule to rule until it reaches a possible outcome 


Frame (sound and video): a single image in a video file 


Frame (animation): one screen, or page, where an image 
is drawn; a series of these frames are played one after 
the other to create the animation 


Function (Algorithms): a separate piece of code that has 
an identifier and performs a task; it can be called from 
elsewhere in the code and returns a value 


Function (Spreadsheets): a ready-made formula 
representing a complex calculation 


Gantt chart: a chart used for planning a project 


Gateway: a network component that joins different 
LANs together 


Geotag: an electronic tag that assigns a geographical 
location 


Global variable: a variable declared outside a function; it 
can be accessed anywhere within the code 


Goal driven: a system that is dependent on a finding a 
desired goal 


Goal seek: looking to see what a variable needs to 
change to for a goal in terms of output to be achieved 


Grid: a tool that displays a grid on the background of 
the screen to help with alignment 


Group: join severai images together 


Guides: lines that you can drag on the stage to help you 
position objects 


Heuristic: the ability to use a value to determine which is 
the best pathway to select 


Hologram: a 3D image that is created using laser beams 
and mirrors 


HSL: Hue/Saturation/Lightness colour system; all 
colours are a combination of the hue saturation and 
lightness selected 


HTTPS: Hypertext Transfer Protocol Secure 


Hub: a network component that joins computers 
together and forwards data packets to all connected 
devices 


Identifier: the name given to a variable, subroutine or 
function 


Implenientation: the stage in the system life cycle when 
the software is installed for the user 


Import: to bring in data from another application 
Increment: add 1 to something 


Incremental development: creating a system or adding 
new functionality in small parts 


Index: a list of keys or keywords which identify a unique 
record and can be used to search and sort records more 
quickly 


Indirect data source: data that was collected for a 
different purpose (secondary source) 


Information: data with context and meaning 


Infrastructure: the facilities that are needed for the 
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operation of a society, such as roads, buildings and 
utilities 

Initiation: start of a project 

Input: putting data into an algorithm 


Integer division: where only the whole number is given 
from a division 


Interpreter: translates and executes a high-level 
programming language a line at a time 


TP address (Internet Protocol address): a unique address 
given to a device, normally by a router 


Iteration: a loop to repeat a section of code for a fixed 
number of times or until a required outcome is achieved 


Iterative development: creating a system or adding new 
functionality in a repetitive cycie 


Key frame: a location on a timeline which marks a 
frame that has a change 1n the animation, for example, a 
drawing has changed, or the start or end of a tween 


Kerning: the space between letters 


Knowledge base: a component of an expert system that 
stores the knowledge provided by experts 


Knowledge base editor: a component of an expert system 
that is used to amend or update the knowledge base 
Layer (Graphics): a ‘surface’ onto which an image or 
object is placed; each object is placed on a separate layer 
and they are stacked on top of each other (as though on 
different pieces of paper) 


Layer (Animation): an object or image given its own 
timeline for independent manipulation 


Library: a place that stores a list of images and objects/ 
symbols in an animation 


Literal: the actual data being used (instead of a variable) 


Local area network (LAN): a relatively small network 
that is located within a single building or site 


Local variable: a variable declared within a function; it 
can only be accessed within the function 


Loop: code that is repeated 


Logical operator: symbols that represent the iogical 
operations and, or, not 


Lossless compression: a method of compression where 
the decompressed image is identical to the original 


Lossy compression: a method of compression where the 
decompressed image is not identical to the original 


MAC address (Media Access Control address): a unique 
address given to a device by the manufacturer 


Macro: a set of instructions that can be completed all at 
once 


Mail merge: the automatic addition of data, such as 
names and addresses, from a source file into a master 
document, such as a letter 


Mainframe computer: powerful computer serving several 
terminals 


Maintenance: changes made to a system after its 
implementation 


Malware: software that is malicious 


Mask: a layer that involves shapes, or other components, 
that restrict what can be seen of the other layers 


Master docunient: the main document that will be used 
for all records 


Master fle: a table in a database containing information 
about one set of things, e.g. employees 


Microprocessor: an integrated circuit that is used in 
monitoring and control systems 


Model: a representation of a process 

Modulus division: when the remainder is given from a 
division 

Monitoring system: a system that observes and often 
records the activities in a process 

Mono: a sound clip that has a single track 


Morphing: another term for shape tweening; one image 
changes into another image 


Nested loeps: one construct that is inside another 
construct 


Network: two or more computers or devices connected 
together so they can communicate and share data and 
resources 


Network interface card: a network component required 
to attach a computer to a network 


Normal! form: the extent to which a database has been 
normalised 


Normalisation: process of structuring data in a database 


Object (Animation): an image, or combination of 
images, that is manipulated as one item 


Object (Programming): a series of named values all 
stored under one identifier 
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Off-the-shelf software: general purpose software 
available to a large market 


Online processing: aiso known as interactive processing, 
data is input by the user and feedback given in the form 
of outputs 


Opacity : the lack of transparency of an image; at 0% 
opacity the image is fully transparent 


Operating system: software that manages the hardware 
within a computer system 


Operator: a symbol, or set of symbols, that perform an 
operation, for example, arithmetic operators 


Orientation: the direction of text, for example horizontal 
or vertical 


Output: displaying data from an algorithm to the user 
Packet: a unit of data in data transmission 


Parameter (Algorithms): a piece of data that is sent to a 
subroutine 


Parameter (Databases): data used within the criteria for 
a query 
Peer: a computer of equal importance in a peer-to-peer 
network 

EPT: performance evaluation and review technique 


Pixel: a small square of one colour; these are combined 
to create a bitmap image 

Pixilation: when a bitmap image is enlarged, the pixels 
are enlarged and become visible causing the image to 
appear blurry 


Predecessor: a task in a project that must be completed 
before another task can start 


Primary key: a field that contains the unique identifier 
for a record 


Primary variable: the foremost parts of the animation, 
that is, the graphic components 


Procedure: a type of subroutine that does not return a 
value to the main program 


rocess: an action performed to some data to make a 
change 
Prompt: a question asked to the user which requires a 
response 


Protocol: a set of rules or standards that ensure data is 
transferred between devices correctly 


Prototype: a ‘mock-up’ of a software solution in a 
primitive form 


Pseudocode: a syntax-less language that is used to 
convey an algorithm 


Query: a request for data from a table or combination of 
tables 

rapid application development (RAD): use of prototyping 
to develop a system in a very short time frame 


Range: a selection of cells 


Real-time processing: data is processed as soon as it has 
been input and outputs are generated immediately 


Record: a common word for entity 


Referential integrity: data in the foreign key of the 

table on the many side of a relationship must exist 

in the primary key of the table on the one side of a 
relationship 


Relationship: the way in which two entities in two 
different tables are connected 


Relative cell reference: a cell reference that changes when 
it is copied into other cells 


Repeater: a network component that is used to boost a 
signal in data transmission 


REPEAT UNTIL loop: a condition-controlled loop that 
runs until the condition is true 


Requirements specification: what a user needs a new 
system to do 


Resolution: the number of pixels per ‘measurement’ an 
image or a single frame in a video contains (for example, 
dots per inch) 


Resources: people, equipment, facilities or funding 
required to complete a project 


Reyerberatton: the number of echoes of the sound 
and the way that they decay — reverberation can be 
natural (caused by the room in which the sound is 
played) or introduced by editing software 


RGB: Red/Green/Blue colour system; all colours are a 
combination of quantities of red, green and blue 


Router: a network component that uses a computer’s IP 
address to send data packets to a destination outside the 
current network 


Ruler: a tool that lets you see the position of items on 
the screen, and helps you draw them to the correct size 


Rules base: a part of the knowledge base that contains 
all the rules to be analysed by the expert system 


Sample rate: the number of times sound is sampled in a 
second 
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Sample resolution: the number of bits that are used to 
represent each sound sample 


Secondary variable: the background elements of the 
animation, for example moving water/trees 


Selection: use of a conditional statement to decide a 
course of action or which section of code to run 


Sensor: an input device that collects data from the 
surrounding physical environment 


Server: a computer in a network that is a point of 
control 


Simulation: using a model to predict real-iife behaviour 


Snapping: a feature that will predict where you want 
objects placing, by aligning them to other objects, 
images or gridlines 


Social networking: the use of websites and apps that 
allows users to communicate and interact 


Software: programs which give instructions to the 
computer 


Source file: the file containing the data that will be 
merged into the master document 


Splice: join together two or more sound or video clips 


Spreadsheet: software that can organise, analyse and 
manipulate data organised in a grid of rows and 
columns 


SSL: Secure Socket Layer 


Stage: the area where the animation takes place; to be 
within the animation, the object must be on the stage 


Stereo: a sound clip that has multiple tracks 


Stop motion animation: photographs are taken of 
objects; the objects are moved slightly each time and the 
photographs combined to create the animation 


String: a data type: data stored as text which can be 
characters, numbers and symbols 


Subroutine: a set of instructions that have an identifier 
and that are independent from the code. It is called from 
another part of the program and returns control when it 
was finished 

Supercomputer: large computer with parallel processing 
to complete highly complex tasks quickly 

Switch: a network component that uses a computer’s 


MAC address to send data packets to a destination 
within a network 


Symbol: a component, for example, an image, of an 
animation that has a name and is put in the library; 
multiple copies of the object can be created 


System tlowchart: an overview of how a system works in 
a diagrammatic format 


System software: software needed to operate a computer 
system 


System specification: the hardware and software needed 
to run the system 


Table: a collection of related data, organised in rows 
and columns (for example, about people, places, objects 
or events) 


Technical documentation: an overview of the structure of 
the system, how it was put together and how it works 


Test data: data that will be used for testing a system 


Test plan: a detailed and structured plan of how testing 
should be carried out 


Time lapse: a camera automatically takes a photograph 
every set period (for example, once a minute) and these 
are combined to create a film 


Timeline: the place that controls the order the frames are 
run, the positioning of the layers, and so on 


TLS: Transport Layer Security 


Tracing bitmap: a way of converting a bitmap image into 
a vector graphic 


Track: a specific recording, for example, of one 
instrument or voice — the tracks can then be edited 
separately and combined to play concurrently 


Transaction file: data that is used to update a master file 


Transform: changing the dimensions, rotation, colour 
fill, opacity, etc. of an object over a certain number of 
frames between two key frames 


Transition: the method with which one video clip 
merges into a second clip 


Transparency: being able to see through an object or 
surface 


Triangulation: the process of pinpointing the location of 
a device, using radio signals from satellites 


Tween: (Inbetweening) an animation where the start and 
end points are set; the computer generates the actual 
images to make the animation change 


2D: two dimensional: only on the x and y axis, for 
example a traditional cartoon 
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3D: three dimensional: has au x, y and z axis 


User documentation: a user guide giving instructions to 
the user on how to use the software 


User interface: communication between the user and the 
computer system 

Utility software: software that performs some sort of 
maintenance on the computer system 


Validation: the process of checking data matches 
acceptable rules 


Variable: a space in the memory of a computer that has 
an identifier, where you can store data; this data can be 
changed 


Vector: an image that uses geometric points and shapes; 
calculations are used to draw the image 


Verification: ensuring data entered into the system 
matches the original source 


Virtual Private Network: an encrypted connection that 
can be used to send data more securely across a network 


Wide «rea network: (WAN) a relatively large network 
that is normally two or more LANs that are linked 


What-if analysis: experimenting with changing variables 
to see what would happen to the output if those 
variables changed 


WHILE loop: a condition-controlled loop that runs 
while the condition is true 


White box testing: testing the whole system in terms of 
structure and logic covering all paths through the system 


Wireless access point: 2 network component that receives 
and transmits radio signals to allow wireless (Wi-Fi) 
connection to a network 
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2D animations 431-2 
3D animations 431-2, 464 
3D printing 298-9 


absolute cell references 132-3 
access rights 325 
activity dependence tables 335-6 
actuators 48, 49-50, 51 
adaptive maintenance 365 
adware 96-7 
agile software development 
371-2 
Al (artificial intelligence) 112, 
289-90, 301 
airbrushing 400 
alert box 471 
algorithms 50, 54-6, 290 
correcting 79-82 
editing 78-9 
align tool 402-3 
alignment 129, 402-3 
alpha style 439 
aloha testing 358 
analogue 260-1, 312, 315 
analysis 344-8 
document 346-7 
mathematical 178 
qualitative 345 
quantitative 345 
scientific 290 
anchor points 413-14 
animation 248, 430-64 
exporting 463 
inbetween 451 
masks 461-3 
types 430-2 
variables 463-4 
viewing and controlling 
459-61 
see also layers; paths; stage; 
vector graphics 
anti-malware 96, 324 
anti-spyware 96, 324 
anti-virus 34, 88, 92, 93, 95, 324 
application layer 304, 305 
application servers 309 


application software 28, 307 

apps 28, 266, 273, 281 

AR (augmented reality) 290-1 

architecture 296 

archival 297-8 

ARP (address resolution 
protocol) 305, 313 

arrays 479, 500-2, 503-4, 507, 
512-14 

aspect ratio 244-5, 434-5 

assignment 60, 478 

ATMs 281 

attributes 189 

audio clips see sound clips 

augmented reality 290-1 

automation 293 

avars 464 


backdoors 324 
backup 34, 326--/ 
backup routines 362 
backward chaining 114 
bandwiath 95, 262, 317, 318, 
320-1 
banking, IT in 281-2 
bar charts 165-6 
barcodes 13, 14, 22 
batch processing 18-21, 28, 30, 
236 
beta testing 358 
Bezier curves 410 
inary format 28, 304 
omedical printing 299 
ometrics 88, 324 
IOS (Basic Input/Output 
System) 31 
it depth 420-1 
trate 320-1 
tcoin 267 
itmap images 415-20, 442 
converting into vector 
shapes 415-16, 442-3 
use 398-9 
BitTorrent protocol 313 
black box testing 358 
blogs 275 
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Bluetooth 286, 318-19 
blur tool 418 
BMP (bitmap image file) 408 
Boolean data 232-3, 478 
Boolean (logical) operators 113, 
154, 208, 214, 480, 497-9 
botnets 323—4 
bots 98, 323-4 
malicious 98-9 
bridges 316 
brightness 417 
broadband 102-3 
buffers 261, 320 
business, data mining use in 
270-1 
buttons 219, 484-6, 487-93 
byte 16, 17 


cables 317-18 
CAD (computer aided 
design) 178, 298 
Caesar cipher 7-8 
calculated fields 388-9 
calendars 332 
calibration 45-7 
cameras 248, 283, 292, 319, 
398, 431 
accurate 41 
dashboard 284 
digital video 234, 290, 319 
cancer treatment 294 
canvas 410 
resizing 419-20 
captions 247 
car driving 185 
car engine fault diagnosis 115-16 
cars, self-driving 290 
CASE...END CASE 63-4 
CBDC (central bank digital 
currency) 268 
CCTV 283-4, 324 
CDs (compact discs) 234 
cel animation 430 
cells (in networks) 312 
cells (in spreadsheets) 122-3 
formatting contents 127-9 
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formatting emphasis 129-31 
named 133-4 
protecting 124-5 
referencing 131-4 
cellular communication 312, 322 
central bank digital base 
money 268 
CGI (computer generated 
imagery) 431 
chaining 114 
charts 165-72 
analysing and selecting 
165-70 
embedding 391 
formatting 170-2 
chat rooms 273 
chatter bots 98 
check boxes 219 
check digit 13-14 
checksum 17 
chess player 116 
cinema 289 
circuit switching 306 
circuits 49, 306 
CLI (command line interface) 38-9 
client-server networks 308-10 
clients 308 
climate change models 179-80 
clips 244 
see also sound clips; 
video clips 
clone tool 418 
closure, project 331 
cloud computing 321-2, 327 
cloud storage 321-2 
CMS 407 
CMYK 407, 408 
coaxial cables 317 
coding systems see encryption 
collaborative working 332-3 
colour, choosing 439 
colour balance 417-18 
colour depth 420-1 
colour gradients 413 
colour levels 416-18 
colour picker tools 407-8 
colour systems 406-8 
combination charts 168-9 
comments 130, 511-12 
communication tools 332-3 
communications technology 
303-27 


satellite 322-3 
see also cloud computing; 
data packets; disaster 
recovery management; 
networks 
comparison 62 
compilers 32-3 
complex queries 208-10, 213 
compound keys 201-2, 227-8 
compression 35, 252-3, 261-2, 
420-1 
lossless 252-3, 262, 420-1 
lossy 252-3, 261-2, 420-1 
computer-assisted translation 
294-5 
computer-based training 277 
concatenation 57-8 
conception 330 
conditional formatting 130 
conditional functions 146 
conditional statistical functions 
148-50 
conditions 494-500 
confidential data 88, 89, 310, 325 
confirm box 472 
consistency check 13 
console mode 472-4 
construction 179, 183 
constructs 76-8 
contrast 417 
control, project 332 
control systems 44, 48-52 
control total 15 
cookies 96 
coordinates 433 
corrective maintenance 366-7 
corrupt data 93, 326 
costings 332 
CPA (critical path analysis) 334-7 
CPM (critical path method) 334-7 
CPU (central processing unit) 28, 
32, 49 
crashing 337 
credit cards 265-6, 296 
credits 252 
critical path 333, 338 
CRM (customer relationship 
management) 270 
crop growing 51 
crop tools 405-6 
cross-tab queries 212-13, 214 
cryptocurrency 267-8 


cryptography 8, 10 
CSV (comma separated 

values) 200, 224, 236 
currency 265-8, 296 
curves, converting text to 422-4 
custom-written software 37-8 


dashcams (dashboard 
cameras) 284 
data 2-3 
archiving 297-8 
embedding 390 
exporting 161, 224 
importing 161, 200-1 
redundant 198-9, 225, 229 
sorting 156, 217 
summarising 156-60 
data allowance 261 
data collection forms 353-4 
data compression 35 
data dictionary 229-31, 352-3 
data driven reasoning 114 
data entry 
double 14-15 
forms 217-20 
data extraction 154-6 
data link layer 304 
data mining 269-72 
data packets 
structure 305 
transmitting 306-7 
data processing 18-24 
data protection 5, 96 
data sources 3-6 
data storage 297-8, 321-2, 352-3 
data type functions 140-1 
data types 127-8, 190-1, 231-3, 
470, 478-80 
conversions 479 
databases 189-240 
calculations within 215-16 
creation 189-201 
data dictionary 229-31, 352-3 
data entry forms 217-20 
data types 231-3 
data validation 204-5 
data verification 206 
file and data management 
233-40 
keys see keys 
normalisation 225-9 
reports 221-5 
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searches see searches 
sorting of data 217 
date and time fields 389-90 
date and time functions 137 
date/time data 232 
DBMSs (database management 
systems) 189 
hierarchical 237-8 
DDoS (distributed denial of 
service) 99, 324 
decision making 333 
decisions 56, 62-5 
declaration 478 
decryption 8, 9, 10, 88, 304, 325 
delay 257 
demographic groups 102 
design 348-56 
design specification 347, 348 
development 356-60 
device drivers 32 
DFD (data flow diagram) 348-50 
DHCP (dynamic host 
configuration protocol) 313 
agnosis 115, 271 
alogue interface 41 
gital currency 265-6 
igital divide 102-9 
rect changeover 360, 361 
rect data source 3-4, 5-6 
rect file access 237 
saster recovery management 
325-7 
scussions, project 333 
sk defragmentation 35-6 
istort tool 419 
stribute tool 403 
documentation 362-4 
documents 
analysis 346-7 
shared 333 
domain names 274 
double data entry 14-15 
downlink 322 
DPI (dots per inch) 399 
drop-down boxes 487, 488, 490, 
492 
drop-down menus 219 
dynamic parameters 214-15 


oaooa0Q00 


aaoo 


earliest finish time (EF) 336-7 
earliest start time (ES) 336-7 
e-business 282 


echo 257 

economic areas 102 

economic trends prediction 271 

education, IT in 281 

electronic currency 265-8 

electronic wallets 287 

else if statements 495 

else statemenis 495, 496 

email 274-5 

email encryption 10 

embedding 390-1 

emerging technologies 286-301 

encoding 7 

encryption 7-11, 314, 320, 325 

Enigma machine 289 

entities 189 

environmental issues 301 

equalisation 258-9 

ERDs (entity relationship 
diagrams) 194-7 

errors, trapping 514 

ethernet 306, 307 

ethical issues 271 

evaluation 364-5 


events 
detection 492-3 
timing 505-8 


evolutionary prototyping 368 
e-waste 301 

execution, project 331 

expert systems 112-18 
explanation system 114 

export 161, 224, 252-3, 261-2, 463 
extensions 233-5 


fade effect 248 

family, IT use in 283 

fibre optic cables 318 

fields 189, 379, 380 
calculated 388-9 
date and time 389-90 
sizes 190-1 

file access 236-8 

file design 353 

file formats 235-6, 408-9 

file management 37 

file servers 309 

file-sharing bots 98 

file types 233-5 

fill option 438, 439, 440 

fill tools 412-13 

filters 154-6, 251, 345, 386-7, 

393, 418 


finance, IT in 281-2 
financial modelling 179 
financial planning 116-17 
fingerprints 324 
firewalls 88, 92, 93, 99, 325 
fitness trackers 300 
flash memory 9 
flat files 189 
compared with relational 
databases 197-200 
flatten tool 403 
flight simulators 184 
flip book animation 431 
flip tool 402 
float time 336-7 
flowcharts 54, 56-81 
correcting 79-81 
decisions 62-3 
editing 78-9 
input and output 57 
loops 66-8 
nested constructs 76-7 
processes 59-60 
string manipulation 70 
subroutines 72, 73 
system 350-1 
folders 237, 445-6 
fonts 217, 422, 476-8 
forecasting 179, 183 
foreign key data 203 
structure 56 
foreign key value 191 
foreign keys 191-4, 196-7, 202-3 
foreign-language websites 295 
format check 12 
formatting 36 
forms 484-92 


formulas 
creation 131-4 
nested 145 


testing 152-3 
forums 274, 333 
forward chaining 114 
frame rate 450-1 
frame relay 306 
frames 244-5, 432, 448-9 
freehand drawing 410 
freezing 125-6 
FTP (file transfer protocol) 305, 313 
FTP servers 309 
functions 72, 134-50, 482-4 
conditional 146 
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conditional statistical 148-50 
data type 140-1 

date and time 137 

indices (powers) 131, 136-7 
in JavaScript 482-4 

lookup 141-5 

nested 145 

nested IF 146-8 

rounding 136 

summary 135 

testing 152-3 

text 137-40 


gaming 291, 292 

Gantt charts 330-1, 332, 338-41 

gateways 316-17 

generic file formats 236 

geotags 89 

gesture-based interface 41 

GIF (graphics interchange 
format) 409 

global variables 483-4 

goal driven reasoning 114 

goal seek 180-1, 183 

government, IT use in 283 

GPS (global positioning systems) 
322-3 

graphics cards 28 

graphs 165-72 

embedding 391 
formatting 170-2 

greyscale 416-17 

grids 404, 436 

group tool 403 

grouping 403 

GUI (graphical user interface) 
39-40 

guidelines 405 

guides 437 


hackers 7, 17, 92, 272, 311, 324 

hash total 15 

HD (high definition) 245, 287, 288 

HDD (hard disk drive) 35 

health care 271 

health trackers 300, 301 

heuristics 289 

hierarchical database 
management systems 
237-8 

holograms 295-6 

holographic data storage 297-8 


holographic imaging 295-7 


home, IT in 283 
hosts 313 
hotspots 10, 109 
HSB 408 

HSL 406-7 


HTML (hypertext markup 
language) 469 
element visibility 493-4 
importing JavaScript file 
514-15 
styles 475-8 
HTTP (hypertext transfer 
protocol) 9, 305, 313 
HTTPS (hypertext transfer 
protocol secure) 9, 313 
hubs 314-15 
hyperlinks 363 


laaS (infrastructure as a 
service) 321 
ICMP (internet control message 
protocol) 305, 313 
identification number 13 
identifiers 57 
unique 189, 201 
if statements 495, 496 
IF... THEN...ELSE rules 386-7 
IM {instant messaging) 332-3 
image manipulation 400-1 
image resolutions 408, 421 
image size 408, 419-20, 426 
images 
bitmap see bitmap images 
changing 474-5 
text in see text 
vector see vector graphics 
IMAP (internet message access 
protocol) 314 
implementation 360-2 
phased 360, 361 
pilot 361, 362 
import 
data 161, 200-1 
image 442-3 
sound file 254 
video file 246 
inARP (inverse address resolution 
protocol) 313 
inbetween animation 451 
incremental development 370 
incremental prototyping 368 


indexed sequential access 236-7 
indexes 
in arrays 500-1, 502, 503, 504 
in databases 193-4, 229, 
234, 237 
indices (powers) 131, 136-7 
indirect data source 4-6 
inference engine 113-14 
information 3 
quality of 6-7 
infrared connections 319-20 
infrastructure 104, 107-8 
initiation, project 330 
input 56-9 
inout devices 31, 41, 44 
input forms 353-4 
installation see implementation 
installation guide 362 
instant messaging 273-4 
insurance planning 117 
integer division 59 
interfaces 23, 104 
command line 38-9 
dialogue 41 
gesture-based 41 
graphical user 39-40 
user see user interfaces 
internet connection 103-4, 107-9 
interpreters 33, 511 
interviews 345-6 
IP {internet protocol) 305, 306, 307 
iP address (internet protocol 
address) 305, 316-17 
IPSec (internet protocol 
security) 313 
ISO (International Organization 
for Standardization) 237 
IT impact 280-4 
iterations 65 
iterative development 370 
iterative methods 512-14 


JAD (joint application 
development) 372, 373 
JavaScript 469-515 
arrays 500-2, 503-4, 507, 
512-14 
changing HTML style 475-8 
changing images 474-5 
comments 511-12 
error trapping 514 
event detection 492-3 
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external script usage 514-15 

form elements 484-92 

functions 482-4 

HTML element visibility 493-4 

iterative methods 512-14 

loops 502-5 

operators 478-82 

outputting data 470-1 

pop-up boxes 471-4 

selection 494-500 

string manipulation 508-11 

timing events 505-8 

variables 478-80, 483-4 
JPEG (Joint Photographic Experts 

Group)/JPG 409 


kerning 422 
key cards 349, 350 
key fields, highlighting 219 
key loggers 95 
keyframes 448, 449, 454-8 
property 458-9 
keys 201-4 
compound 201-2, 227-8 
foreign 191-4, 196-7, 202-3 
primary 189, 191-4, 196-7, 
201, 225, 227-8 
keywords 469 
knowledge base 113 
knowledge base editor 113 
knowledge engineering 289 


LAN (local area network) 310-11, 
316-17 

LAN messengers 274 

laser beam 295, 297 

lasso tool 411-12 

layers 401-2, 444, 445-54 

layout tools 404-5 

learning, technology enhanced 
277-80 

length check 12 

library 441 

line graphs 167 

line option 438 

link editors 34 

link layer 305 

linkers 34 

literals 480 

live data 356, 357 

local variables 483-4 

logical data (Boolean data) 232-3, 
478 


logo creation 424-6 
lookup check 12 
lookup functions 141-5 
loops 56, 65-9, 502-5 
condition-controlled 67-8, 
502, 503-5 
count-controlled 66-7, 502, 
503-5 
video 440 


MAC address (media access 
control address) 305, 314, 
316, 317 
machine learning 289 
macros 161-3 
magnetic lasso tool 412, 415, 
416, 425 
magnetic tape 350, 351 
mail merge 377-94 
arithmetic operators 388-90 
checks 392-3 
document properties 390-1 
error-free accuracy 392-3 
labels 381-3 
letters 378-83 
manipulating documents 
383-8 
mai! servers 309 
mainframe computers 28-31 
uses 28 
maintenance 365-7, 370 
maintenance process model 
366-7 
malicious bots 98 
malicious code 91-2 
malware 92-9, 323-4 
manufacturing, IT in 280-1 
many-to-many relationships 
192-3, 194, 196 
masks 461-3 
master documents 377 
content rules 386-7 
linking to source files 379-80 
recipient selection rules 388 
structure creation 378 
media, IT use in 282-3 
medical diagnosis 115 
medicine 281, 291 
memes 400 
memory cards 28 
menus 223-4 
drop-down 219 


merging 403 
message switching 307 
metadata 229-30 
microblogs 275 
microprocessors 48-9, 50, 51 
microwaves 320 
milestones 332, 333, 338 
mineral prospecting 118 
MISs (management information 
systems) 238 
mobile networks 312 
mobile telephones 323, 324 
models 178-85 
effectiveness evaluation 183 
need for 179-80 
simulations 178, 183-5 
software characteristics 178-9 
testing 182-3 
what-if-analysis 180-2 
modulus division 59 
monitoring, project 331 
monitoring systems 44, 47-8, 
283-4 
mono sound 260 
MOOCs (massive open online 
courses) 278-9 
morphing 441, 456-8 
motherboard 28, 314 
motion tweens 451-4, 457, 462 
move tool 402 
mp3 234, 262 
mp4 234, 253, 262 
MPEG (Moving Pictures Experts 
Group) 234, 235 
MTD (maximum tolerable 
downtime) 326 


nano-robots 294 

nanotechnology 281 

national security 270 

natural disaster planning 184 

navigation buttons 219 

nested constructs 76-8 

nested formulas 145 

nested functions 145 

nested IF functions 146-8 

nested queries 210-11, 213 

network activity diagrams 
334-7, 338 

network connections 317-20 

network layer 304, 305 

network protocols 305-7, 313-14 
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network security 323-5 
network simulators 178 
networked learning 278 
networks 303 

components 314-17 

fundamental models 303-4 

structures 307-13 
news, IT use in 282-3 
NFC (near field communication) 

286-7 

NICs (network interface cards) 314 
night vision 299-300 
node editing 413-14 
non-volatile memory 21 
normal form 225-9 

first (INF) 225-7 

second (2NF) 227-8 

third (3NF) 228-9 
normalisation 

database 225-9 

sound clip 259-60 
nuclear science research 185 
numeric cata 231-2, 478 


object code 33, 235 
objects 430, 436-7, 479, 484 
ordering 447-8 
observation 346 
off-the-shelf software 37-8 
onchange 492 
one-to-many relationships 192, 
193, 194, 237 
one-to-one relationships 191-2, 
193-4 
onkeydown 493 
online banking 9, 281-2 
online courses 277, 278-9 
online processing 21-3 
online shopping 282 
online tutorials 278 
onload 492 
onmouseout 493 
onmouseover 492 
opacity 409-10, 426, 439 
open-source file formats 235 
open source software 38 
operating systems 31-2 
operators 478-82 
arithmetic 388-90, 480-2 
assignment 478 
Boolean (logical) 113, 154, 
208, 214, 480, 497-9 


comparison 480, 495-6 
ternary 499 
optical data storage 297-8 
orientation 128 
OSI (open systems 
interconnection) 303-5 
output 56-9, 470-1 
output devices 31 
output reports 355-6 
overdubbing 257 


PaaS (platform as a service) 321 

packet switching 306-7 

packets 304 

padlocks 9, 462 

page formatting 121-2 

panning 248, 249 

parallel running 360, 361 

parameters 73, 214 

dynamic 214-15 
static 214 

parity check 16 

path editing 413-14 

paths 454-61 

PDF (portable document 
format) 409 

peer-to-peer networks 307-9 

peers 307 

pen tool 413-14 

periective maintenance 365 

personal data 88-92 

PERT (performance evaluation 
and review technique) 338 

pharming 91-2 

phased implementation 360, 361 

phishing 89-90 

photographs 398 

physical layer 304 

pie charts 168 

pilot implementation 361, 362 

pilot training 184 

PIN (personal identification 
number) 22, 81,91, 266 

pivot charts 159-60 

pivot tables 156-9, 160 

pixelation 397, 398, 399-400, 442 

pixels 398, 437 

planning, project 330-1, 332 

plant identification 117 

platter 35 

play symbols 459, 461 

PNG (portable network graphics) 
409 


Pokémon Go 291 
politics 400 
IT use in 283 
POP (post office protocol) 305, 314 
pop-up boxes 471-4 
population growth models 179 
predecessors 334, 336, 338, 339 
preparatory analysis 326 
presence check 11 
presentation layer 304 
pressure sensors 48 
preventative maintenance 366 
primary keys 189, 191-4, 196-7, 
201, 225, 227-8 
primary variables 463 
print servers 309 
printed copy layouts 355-6 
printing, 3D 298-9 
privacy issues 271, 284 
private key 8, 10, 313 
procedures 72 
processes 56, 59-61 
progress, project 333 
project management 330-41 
software 332-4 
stages of life cycle 330-2 
tools and techniques 334-41 
prompt box 472 
prompts 383-5 
proofreading 392-3 
property keyframes 458-9 
proprietary file formats 235 
proprietary software 38 
prosthetic limbs 293 
prosthetics, bespoke 298-9 
protocols 286 
prototyping 368-9, 373 
proxy servers 309 
pseudocode 54, 56 
public key 8-9 


OQR codes 287 

queries 199-200, 206-15 
complex 208-10, 213 
cross-tab 212-13, 214 
data export from 224 
nested 210-11, 213 
simple 206-8, 213 
summary 212-13, 214 
to find duplicate records 

211-12 
questionnaires 344-5, 346, 365 
queue management 180 
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RAD (rapid application 
development) 372-3 
radio buttons 219, 487-92 
radio waves 311, 320, 322-3 
RAM (random access memory) 
21, 28 
range check 11-12 
ranges 125 
filtering for 156 
named 133-4 
ransomware 99 
rapid prototyping 368-9 
raster images 226, 235 
RDBMS (relational database 


management system) 189, 


195 
see also relational databases 
real-time processing 24 
records 189 
recovery management 326-7 
recycling 301 
red eye tool 418 
referential integrity 203-4 
relational databases 
compared with flat files 
197-200 
creation 201 
see also RDBMS 
relationships 189, 191-3 
creating and using 193-4 
relative cell references 131-2 
rendering 252-3 
repeaters 315 
reports 221-5 
repository, document 333 
requirements specification 346, 
347, 365 
research 271 
nuclear science 185 
scientific 292 
research methods 344-7 
reserved words 478 
resizing 402, 419-20 
resolution 245, 398-9, 408, 421 
sample 260-1 
resources 330, 333, 338 
allocation 332 
reverberation (reverb) 256-7 
review, project 364-5 
RGB 406, 408 
risk analysis 326 
risk testing 326 


robotics 280, 292-4 

ROM (read only memory) 28 
rootkit 97-8 

rotate tool 402 

rotation 402, 440, 451 
rounding functions 136 
route planning 117-18 
routers 304, 316-17, 318 
RTF files 224 

RTO (recover time objective) 326 
rulers 404, 436 

rules base 113 


SaaS (software as a service) 321 
sample rate 260-1 
sample resolution 260-1 
satellite communication systems 
322-3 
satellite navigation 322-3 
satellite technology 104, 108 
satellites 29, 104 
saturation 417 
scale tool 402, 419-20 
scheduling, task 332 
scientific analysis 290 
scientific research 292 
screen formatting 121-2 
screen layouts 354 
script tag 469 
SDLC (software development life 
cycle) 366, 367 

searches 199-200, 206-15 

see also queries 
secondary variables 463 
security, holograms in 296 
security control systems 51-2 
security methods 9, 286, 319-20 
security protocols 320 
security systems 324-5 
security threats, impact 325 
selection 62-3, 165-70, 494-500 
selection tools 411-12, 416 
self-driving cars 290 
sensors 44-8, 50, 51 

calibration 45-7 
server farms 310 
servers 308-10 
session layer 304 
shape tools 411 
shape tweens 441, 451, 456 
shapes 

changing 413 


fitting text to 423-5 
sharpen tool 418, 419 
shear tool 402 
simple queries 206-8, 213 
simulations 178, 183-5 
skew tool 402 
SKIP IF rule 388 
slowing down 93, 259 
smart glasses 290 
smart watches 265, 266, 286, 287 
smartphones 21, 106, 290 
smishing 90-1, 92 
SMS (short message service) 92 
SMTP (simple mail transfer 
protocol) 305, 314 
smudge tool 418, 419 
snapping 405, 436-7 
social networking 272-7 
social trends prediction 271 
socio-economic groups 108-9 
software development, WBS for 
341 
software development 
methods 370-3 
sorting 156, 217 
merged documents 386 
sound, removing 251-2 
sound cards 28 
sound clips 253-60 
echo addition 257 
equalisation 258-9 
exporting 261-2 
fading in 255 
fading out 255-6 
joining 255 
noise reduction 257-8 
normalising 259-60 
overdubbing 257 
pitch changing 255 
speed change 259 
splicing 255 
stereo to mono change 260 
trimming 254 
sound editing 244, 253-60 
importing sound file 254 
sound tracks 254 
source files 377 
creation 378-9 
editing data in 381 
linking master documents 
to 379-80 
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space 
printing in 299 
taking data into 297 
spacing 217-18 
SPAM 98, 309 
specifications 
design 347, 348 
requirements 346, 347, 365 
system 347, 348 
spell check 295, 392 
splicing 255 
sport, IT in 280 
spreadsheets 121-74 
automation of operations 
161-5 
formatting creation 127-31 
in models 178, 182-3 
structure creation 121-7 
structure testing 151-3 
using 154-61 
validation rules 150-1 
see also charts; formulas; 
functions; graphs 
spyware 95-6 
SSH (secure shell protocol) 314 
SSL (secure sockets layer) 9, 313 
stage 432-8 
aspect ratio 434-5 
colour 434 
coordinates 433 
size 432-3 
standard definition 245 
static parameters 214 
stereo sound 260 
stock control system 22-3 
stop motion animation 430 
storage 297-8, 321-2, 352-3 
stored value cards 266 
straight line 411 
strings 470, 478 
manipulation 70-2, 508-11 
stroke option 439-40 
subforms 219 
subroutines 72-6 
subtitles 247 
summary functions 135 
summary queries 212-13, 214 


supercomputers 28-31 
uses 28-9 
surgery 288-9, 294 
surround sound 260 
surveillance 270, 283-4 
SVG (scalable vector graphics) 409 
swarms 313 
switch staternenis 499 
switchboards 223-4 
switches 304, 314-15 
switching 306-7 
symbols 441-2 
system flowchart 350-1 
system life cycle 344-73 
see also analysis; 
design; development; 
documentation; 
evaluation; installation; 
maintenance; prototyping; 
software development 
methods; testing 
system processing 348-51 
system software 31-4 
system specification 347, 348 


tables 189, 224 
embedding 390-1 
pivot 156-9, 160 
TCP (transmission control 
protocol) 305, 306, 307 
TCP/IP (transmission control 
protocol/internet protocol) 
303, 305 
technical documentation 362, 364 
technology enhanced 
learning 277-80 
technology uneducated 104-5 
telecommunications 312 
television systems 287-9 
Telnet 314 
ternary operator 499 
test data 356-7 
extreme 357 
invalid 356 
valid 356 
test plans 358-60 
testing 356-60 
text 421-5, 444-5 
converting to curves 422-4 
fitting to path or shape 423-5 
font style 422 


text boxes 486-7 

text data 231 

text files 200, 224, 233 

text functions 137-40 

text orientation 128 

thermal vision 299-300 

threads 274 

three-dimensional (3D) 
animations 431-2, 464 

three-dimensional (3D) 
printing 298-9 

throwaway prototyping 368-9 

tick boxes 219 

TIFF (tagged image file format) 409 

time lapse 431 

timeline 445, 448-9 

timers 505-8 

timings 450-1 

title slides 246 

TLS (transport layer security) 9, 313 

tokens 32-3, 267 

tolerance 415, 416 

tourism 292 

traffic flow 180 

training 179, 183, 184 

transform options/tools 402-3, 440 

transition 248 

translation 294-5 

translators 32-3 

transparency 409, 439 

transport layer 304, 305 

triangulation 323 

Trojans 94 

troubleshooting guide 363-4 

tunnelling protocol 313 

Turing, Alan 289 

TV white space 108 

tweens 441, 444, 451-4, 456-7, 462 

twisted pair cables 317 

two-dimensional (2D) 
animations 431-2 

type check 12 


UDP (user datagram 
protocol) 305, 306, 307 
UHD (ultra-high definition) 287-9 
unnormalised form (UNF) 225 
UPC (Unique Product Code) 
13-14 
uplink 322 
URL (uniform resource locator) 
89, 90 
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USB (universal serial bus) 9, 93, 
97,98 
user documentation 343-4 
user interfaces 38-41, 112 
customising 163-5 
utilities 34, 35, 37 
utility software 34-7 


valid data 356 
validation 11-14, 18, 204-5 
validation routines 355 
validation rules 150-1, 204-5, 
355, 362 
VAR (video assistant referee) 280 
variables 57, 463-4, 478-80, 483-4 
vector 397 
vector drawing tools 410-13 
vector graphics 397-8, 410-16, 
437-45 
drawing image 438-41 
importing image 442-3 
use 399 
verification 14-17, 18, 206, 355 
video chat 332-3 
video clips 244 
exporting 252-3 
inserting 246 
joining 250 
sound removal 251-2 


speed alteration 249-50 
still image extraction 251 
trimming 247 
video conferencing 103, 279-80, 
332-3 
video editing 244-52, 262 
virtual currency 266-7 
virtual reality 291-2 
virtual servers 309 
viruses 93-4 
vishing 91 
vision enhancement 299-300 
Visual Basic 33 
visual checking 14 
vloggers 275 
voiceover 256, 257, 259 
VPN (virtual private network) 89, 
311-12 
VR (virtual reality) 291-2 


WAN (wide area network) 310-11, 
312, 317 

WAPs (wireless access points) 
315-16, 317, 318 

warp tool 413, 419 
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